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THE PREPARATION OF CYANAMIDE. 


By A. E. OSTERBERG anp E. C. KENDALL. 
(From the Chemical Laboratory of the Mayo Clinic, Rochester, Minn. 


(Received for publication, October 11, 1917.) 


In the course of work undertaken in the chemical laboratory of 
the Mayo Clinic it became necessary to prepare considerable 
quantities of cyanamide in the free base form. The existing 
methods, particularly those having as a starting point thiourea’ 
or calcium’ cyanamide, were-tried and subsequently abandoned 
because of the tedious procedures and poor yields obtained. 
Attempts were therefore made to modify the method, using 
calcium cyanamide as a starting point. The method of treating 
calcium cyanamide with aluminum sulfate* was found to give low 
yields because of the slight solubility of calcium cyanamide 
necessitating many extractions of the starting material. In 
order to overcome this objection calcium cyanamide was treated 
with dilute sulfuric acid. This method, however, yielded variable 
results. Carbonic acid was then tried in place of sulfuric. It 
was found unnecessary to dissolve the calcium cyanamide in 
water before treatment. Simply allowing the carbon dioxide 
to bubble through an aqueous suspension of calcium cyanamide 
results in its almost quantitative decomposition. A method by 
which cyanamide may be easily obtained in a high state of purity, 
is described here in tlte hope that it may be of use to others. 

The starting material was calcium cyanamide furnished by the 
Baker Chemical Company, having a total nitrogen content of 
20 per cent. The yield was 55 gm. of pure cyanamide per 200 
gm. of the calcium salt. This corresponds to a yield of 92 per 
cent of the theoretical. 


' Volhard, J. Jour. praki. Chem., 1874, ix, 24. 
2? Baumann, E., Ber. chem. Ges., 1873, vi, 1371. 
3 Caro, N., Z. angew. Chem., 1910, xxiii, 2405-17; abstr. in J. Soc. Chey. 
Ind., 1911, xxx, 23. . 
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Method.—200 gm. of calcium cyanamide were mixed in a 3 
liter round-bottom flask with 1,500 cc. of distilled water. Into 
this mixture CO, was passed until a neutral or only slightly 
alkaline point was reached as determined by red litmus. The 
flask was kept immersed in cold water as the reaction causes a 
small rise in the temperature. We have observed that if the 
temperature is kept below 40°, there is very little loss of the 
ether-soluble product due to polymerization to dicyandiamide. 
The length of time necessary to precipitate the calcium varies with 
the amount of agitation. We have found it convenient to allow 
the precipitation to proceed over night, agitating but little. 

The precipitate was filtered on a Buchner funnel, well washed 
with water, and the filtrate placed in a 3 liter round-bottom flask. 
A small amount of taleum was added to facilitate boiling and the 
solution was concentrated by distillation on a water bath in vacuo. 
The distillation* was continued until the remaining solution when 
cooled under the cold water tap formed a solid crystalline mass, 
which was then extracted three times with absolute ether. The 
ether was distilled off on a water bath and the remaining solution 
concentrated over sulfuric acid in vacuo. 

In this way 55 gm. of pure cyanamide were obtained in the 
form of deliquescent needles melting at 43° (when free from 
ether) and perfectly soluble in ether. 


Calculated for Found: 
CNNH:: 
icctbtetestenveershaan pean is ... 66.67 67.00 





. 

4 However, if a higher temperature than 40° C. is required to drive off 
the last traces of water it is best to stop at this point and remove the remain- 
ing water in vacuo over sulfuric acid after the ethes extraction. This may 
lead to contamination of the resulting product with dicyandiamide, if any 
is present, as dicyandiamide is soluble in a cyanamide solution in ether. 
However, after drying, «a second ether extraction will remove all di- 
cyandiamide. 








A STUDY OF AMINO NITROGEN AND GLUCOSE IN 
LYMPH AND BLOOD BEFORE AND AFTER THE 
INJECTION OF NUTRIENT SOLUTIONS 
IN THE INTESTINE. 


By BYRON M. HENDRIX anv JOSHUA E. SWEET. 
(From the Laboratory of Physiological Chemistry and the Laboratory of 


Surgical Research, University of Pennsylvania, Philadelphia. 


(Received for publication, October 4, 1917. 


INTRODUCTION. 


The question of the absorption of protein by way of the lymph 
has not been considered since the true significance of protein 
digestion has been known. The earlier investigators were limited 
to the determination of total nitrogen as a means of following 


the products of protein digestion through the body. Newer 
methods make it possible and desirable to follow resorption of the 
products of protein digestion by the determination of amino 
nitrogen in the tissues and fluids of the body. 


Asher and Barbera (1) fed egg albumin and by determining the apparent 
increase in total nitrogen in the lymph, thought they showed that a small 
amount of protein is absorbed through the lacteals. Mendel (2) repeated 
this experiment of Asher and Barbera, giving the animal Witte’s peptone 
instead of egg albumin. His results showed a slight increase of total 
nitrogen in the lymph, but a smaller increase than that obtained by the 
former. He was inclined to believe that the lymph does not take up any 
protein from the intestines, as his slight increase in nitrogen seemed to be 
within the limits of experimental error. Howell (3) has demonstrated the 
presence of amino-acids in the lymph, but so far as we are aware, no quan- 
titative determination of amino nitrogen in the lymph has been reported. 

The presence of glucose in the lymph has been known for a long time, 
and as early as 1862 Gorup-Besanez (4) pointed out the fact that the per- 
centage of sugar in the lymph is greater than in the blood. Ginsberg (5 
thought the sugar in the blood is to be found in the plasma alone. He 
argued from this assumption that the lymph glucose did not show a real 
concentration over that of the blood but only an apparent one, since the 
removal of the red corpuscles, which make up from 30 to 40 per cent of the 
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volume of the blood, would leave all of the sugar in the plasma, and, as he 
believed, in the lymph. However, Michaelis and Rona (6, 7) and von 
Hess and McGuigan (8) have shown that the amount of glucose in the red 
corpuscles is the same as in the plasma. Some other explanation must be 
sought for the relatively large amount of glucose in the lymph. 

Von Mering (9) thought that the amount of glucose in the lymph is 
unaffected by a meal rich in sugar, but Ginsberg, working in Heidenhain’s 
laboratory, showed that the amount of glucose in the lymph increases after 
sugar is injected into the intestine. He used dogs and rabbits and found 
the increase in both species of animals. Still he does not seem to have 
believed that sugar is resorbed directly by the lymph, but that it is first 
taken up by the blood and then secreted into the lymph spaces. 


EXPERIMENTAL. 


It has seemed worth while to make amino nitrogen determina- 
tions on blood and lymph collected before and after the injection, 
into the small intestine, of protein and amino-acid solutions and 
then compare the results with those obtained when sugar was 
injected and the glucose content af the blood and lymph deter- 
mined. Dogs which had fasted about 18 hours were used in 
these experiments. They were anesthetized with ether, no 
morphine salts having been used. 

Surgical Technique.—The ordinary thoracic fistula was used oc- 
casionally for the collection of lymph, but usually the collection was 
made through the left external jugular vein. This vein was tied off 
just below the entrance of the subclavian and also some distance 
above (at about the level of the upper edge of the thyroid gland); 
then all the veins (including the subclavian) flowing into the 
jugular between these ligatures were tied and cut. After this 
was done, an incision was made in the jugular, and in a few 
moments perfectly bloodless lymph flowed from a cannula inserted 
into the vein. 

The lymph, thus obtained, came not only from the thoracic 
duct but also from the lymph vessels arising in the head and neck; 
however, our results did not show any difference between the 
samples of lymph collected in the different ways. 

The operation, in preparing this type of lymphatic fistula, has 
the advantage of being more quickly performed by an experienced 
surgeon, and is one which a physiologist can do with little difficulty 
after a few attempts. The thoracic duct seems, at times, to end 
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in a sort of “delta,” and under these conditions, the collection 
through the jugular vein is much more complete than it would 
be by the usual method. 

Chemical Methods.—In preparing the blood and lymph for the 
amino nitrogen determination, the method of Van Slyke and 
Meyer (10) was followed. Usually 15 ce. of the blood or lymph 
were run into 85 cc. of 95 per cent alcohol and then 40 cc. of the 
alcohol added to make the volume up to 140 cc. The amino 
nitrogen was determined by the well known micro method of 
Van Slyke (11). The method of Lewis and Benedict (12) was 
followed in the glucose determinations. 

Experimental Results —The results of four experiments are 
given in the following tables. In two of these experiments, 
solutions of Fairchild Brothers and Foster’s ‘‘ peptone’’ were used; 
in one of the others, milk was used; and in the fourth, a solution 
of amino-acids was injected. These injections were all made into 
the intestine at about the level of the lower end of the pancreas. 
It is to be noted that the quantity of protein used was relatively 
large in each case, probably somewhat in excess of the amount 
present in the intestine at any time under normal conditions. 


Experiment 1. March 21, 1917. 


Operation complete, 10.15 a.m. 





j | 
Sample No. Material. | Time of collection. Amino N per 100 ce 





| Blood. | 10.30 
Lymph. 10.15-10.30 





Injected 500 ec. of 10 per cent ‘“‘peptone’’ solution at 10.40. 





10.30-10.45 | 4.0 
10.45-11.00 | 6.5 
Blood. 11.00 10.2 
Lymph. 11.00-11.14 | 13.8 

" 11.14-11.28 | 19.0 
Blood. 11.28* | 4.7 


Lymph. 


“ 


| 
| 








* Animal dead. 
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Experiment 2. April 12, 1917. 


Operation complete, 10.20 a.m. 





Sample No. Material. Time of collection. Amino N per 100 ec. 





| 

mg. 
Lymph. | — 11.00-11.18 Lost. 
Blood. | 11.13 3.4 
Lymph. | —_11.08-11.20 3.1 








Injected 500 ec. of milk at 11.29. 








Lymph. 11.20-11.31 | 2.9 
= 11.31-11.44 | 3.6 
11.44-11.51 3.2 (?) 
11.51-11.58 | Lost. 
11.58-12.06 | 4.9 
Blood. 12.09 
Lymph. 12.06-12.1¢ 
= 12.13-12.2 
12.22-12.35 


12.35 


1.02 
Blood. 1.02 


Experiment 3. April 23, 1917. 


Operation complete, 11.15 a.m. 





| | | . - 
Sample No. | Material. | Time of collection. Amino N per 100 ce. 


mg. 


Lymph. f 5! 3.7 
Blood. 5: 5.3 





Injected solution of amino-acids containing 4.2 gm. amino nitrogen solution 
at 12.00. 








Lymph. 11.55-12.20 
“ 12.20-12.40 
Blood. 12.45 
Lymph. 12.40-1.00 
Blood. | 1.20 
“ | 1.20 


an © 


on 


PAOHAOS 
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Experiment 4. May 16, 1917, 


Operation complete, 11.15 a.m. 


Sample No. Material. | Time of collection. | Amino N per 100 cc. 


ma. 


Lymph. 11.15-11.40 4.7 
Blood. 11.45 6.3 


Injected 500 cc. of 5 per cent “peptone”’ solution at 12.: 


Lymph. 12.30-1.05 
i 1 .07-1.28 

Blood. 1.10 

Lymph. | 

Blood. 1.42 

Lymph. 

Blood. 

Lymph. 


It will be observed from the tables given above that, in the 
fasting dog, the amount of amino nitrogen in the lymph was less 
than in the blood. Sometimes the difference was quite marked, 
while at other times, it was insignificant. This is the reverse 
of the relation of the amount of glucose in the blood and lymph. 
After the protein or amino-acid solution is placed in the intestine, 
the amino nitrogen content of the blood and lymph is increased. 
Although this increase was not always quite regular, the increase 
in the blood was oaly once or twice more than 50 per cent, while 
in the lymph, the increase was usually more than 100 per cent 
and in many cases much greater. In Experiment 1, the amino 
nitrogen in the lymph rose to a trifle over 19 mg. per 100 cc., 
which is practically ten times what it was in the control period. 
It is to be pointed out that, after the injection of protein or amino- 
acid solution into the intestine, not only the increase in, but also, 
the absolute amount of amino nitrogen in the lymph, becomes 
greater than in the blood. 

It is to be noted that the blood was collected from the general 
circulation, sometimes from the jugular vein, and at other times 
from the femoral artery. Since the liver is believed to take up 
a portion of the amino acids from the portal blood, possibly, 
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if the blood had been collected from the portal or one of the mes- 
enteric veins, there would have been little or no difference in the 
amino nitrogen content of the blood and lymph. 

These experiments would seem to show that the amino-acids 
in the intestine may be taken up by both blood and lymph. 
They also suggest that the amount taken up by each of these fluids 
is dependent upon the volume of the two fluids which are flowing 
through the walls, and especially, the villi of the intestine during 
the period of resorption. This would mean, of course, that only 
a relatively small amount of protein nitrogen is taken up by the 
lymph, since the amount flowing from the intestine is certainly 
small as compared with the flow of blood. 

We have already mentioned the work of Ginsberg in which he 
showed that the amount of glucose in the lymph increases after 
the injection of sugar into the intestine. The following tables 
from three of our experiments show that we have been able to 
confirm these results. These experiments were carried out in 
exactly the same way as those in which we were studying the 
resorption of amino-acids, except that glucose solutions were 
introduced into the intestine and 2 ec. samples of blood and 
lymph were collected for glucose determinations. 


Experiment 5. May 29, 1917. 


Operation complete, ll. 45. a.m. 





Sample No. Material. | Time of collection. | Percent of glucose. 


Ly mph. | tos 0: 
0. 


oO 


= 12.30 


5 
5 


22. 

% , 
eos. 12.35 0.145 
12.35 0.145 





Injected 50 gm. glucose dissolved in 250 ec. of water at 1.05. 





Lymph. 1.15 0.250 
Blood. 1.15 0.136 
Lymph. 1.30 0.321 
Blood. 1.35 0.176 
Lymph. 2.00 0.321 
Blood. 2.05 0.180 
Lymph. 2.30 0.310 


1 
1 
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Experiment 6. June 165, 1917. 


Operation complete, 10.45 a.m. 





| . . ; 
Sample No. | Material. Time of collection. | Percent of glucose. 





Lymph. 10.50 | 0.300 
2 | Blood. 10.55 0.176 





Injected 50 gm. glucose dissolved in 250 ec. of water at 11.00. 





Lymph. | 11.20 0.306 
Blood. 11.20 228 
Lymph. 11.45 360 
Blood. | 11.55 | 247 
Lymph. 12.10 434 
Blood. 12.10 271 





Experiment 7.* August 10, 1917. 


Operation complete, 11.10 a.m. 





' | 
Material. | Time of collection. | Percent of glucose. 
| | 


Lymph. 11.15 0.173 
Blood. 11.19 0.125 





Injected 50 gm. glucose dissolved in 250 cc. of water at 11. 





11.35 
12.20 


12.35 


3 Lymph. | 
4 Blood. | 
5 Lymph. 


| 

| 

| 
6 | Blood. | 12.50 | 


7 Lymph. 1.03 0.281 





*In this experiment, blood was collected from the mesenteric veins. 


Special attention should be called to Experiment 7. It was 
carried out just as the other glucose experiments except that the 
blood samples were collected from the mesenteric veins. This experi- 
ment indicates, if it does not clearly show, that the glucose con- 
tent of the thoracic lymph and the portal blood is the same. This 
does not account for the amount of glucose in the lymph of the 
fasting dog. None of these experiments throw any light on that 
fact. 

It would seem, on purely physical grounds, that the concen- 
tration of glucose and of amino-acids in the lymph and blood of 
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the villi of the intestine would be identical, as the processes of 
diffusion and osmosis would operate to eliminate any inequalities, 
unless a semipermeable membrane is present to prevent the 
passage of these substances in one direction or the other. As it is 
generally agreed that these substances pass into the blood through 
the walls of the capillaries, there does not appear to be any physical 
basis for believing that they would pass into the capillaries to 
such an extent that the blood would be richer in these compounds 
than the fluid which is found in the intracellular spaces surround- 
ing the blood vessels. Heidenhain (13) thought the structure 
of the villi of the intestine practically prevents the entrance of 
sugar and other crystalloids into the lymph, as he, as well as 
Schifer (14) and others, have shown that the blood vessels lie 
adjacent to the basement membrane of the epithelial cells which 
cover the villi, while the lacteal is centrally located. He did 
not take account of the fact that the intracellular spaces are really 
continuous with the lymphatic system so that, in reality, the 
blood system can be regarded as no nearer to the resorbing sur- 
face than the lymphatics. 

Therefore, it is suggested that the practically complete resorp- 
tion of sugar and amino-acids by the blood is to be accounted for 
by the almost infinitely large volume of blood flow as compared 
with that of the lymph. 


























SUMMARY. 





-_ 
~ 





‘1. Less amino nitrogen is found in the thoracic lymph than in 
the blood of a fasting dog. 

2. After the injection of milk, ‘‘peptone,’”’ or amino-acid solu- 
tions into the intestine, the amino nitrogen in both the systemic 
blood and lymph increases, but the amount in the lymph is 
greater than in the blood. 

3. Ginsberg’s findings, that the introduction of sugar solutions 
into the intestine increases the amount of glucose in the lymph, 
are confirmed. The old observation, that the amount of glucose 
in the lymph is greater than in the blood, has also been confirmed. 

4. The amount of sugar in the blood of the mesenteric veins 
and the lymph after the introduction of sugar into the intestine, 
seems to be practically the same. 
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5. It is suggested that the practically complete absorption of 
protein and carbohydrate by the blood is not due to a selective 
resorption, but to the almost infinitely large volume of blood, 
as compared to the volume of lymph, which flows through the 
walls of the intestine. 


We wish to express our thanks to Dr. A. E. Taylor for suggesting 
this problem to us, also to Mrs. Mary 8. Witherspoon for technical 
assistance in carrying out some of our experiments. 
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NUTRITIVE FACTORS IN ANIMAL TISSUES. I.* 
By THOMAS B. OSBORNE anp LAFAYETTE B. MENDEL. 
WITH THE COOPERATION OF EpnaA L. Ferry AND ALFRED J. WAKEMAN. 


(From the Laboratory of the Connecticut Agricultural Experiment Station 
and the Sheffield Laboratory of Physiological Chemistry in 
Yale University, New Haven.) 


(Received for publication, October 30, 1917.) 


Our early experience' in attempts to feed white rats with 
artificial mixtures of purified foodstuffs led us to the conviction 
that something in addition to the proteins, fats, carbohydrates, 
and inorganic salts, which were then regarded as the only essentials 
of an adequate diet, was necessary for the normal nutrition of these 
animals. This was made evident by the rapid growth of young 


rats fed with mixtures containing a part of the carbohydrate 
and all of the inorganic salts in the form of our so called “ protein- 
free’? milk, whereas those fed with chemically similar diets 
which lacked the small amount of the unknown constituents of 
milk grew little if at all. These observations coincided with 
earlier ones by Stepp? (on mice) and those of Hopkins* who had 
independently reached the same conclusion. Subsequent inves- 
tigations by ourselves and others have greatly extended the 
knowledge of the need of both growing and adult animals for 
those still chemically unknown substances, which are now generally 
designated as food hormones, or vitamines.* Of these, two types 


* The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Wash- 
ington, D. C. 

1 Osborne, T. B., and Mendel, L. B., Carnegie Institution of Washington, 
Publication No. 156, pts. i and ii, 1911. 

2 Stepp, W., Biochem. Z., 1909, xxii, 452; Z. Biol., 1911-12, lvii, 135. 

3 Hopkins, F. G., J. Physiol., 1912, xliv, 425. 

4 For a statement of the development of certain of our ideas on these 
topics see Osborne and Mendel, Biochem. J., 1916, x, 534. 
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appear to exist: one soluble in fats, the other soluble in water. 
They have been shown to be present in the following animal and 
vegetable products. 


Food Hormones. 
/ 


Fat-soluble. Water-soluble. 

Butter fat.® Milk.*: 5 
Egg yolk fat.? _ Rice." 
Cod liver oil.8 Wheat embryo.!*: 27 
Beef fat.® Cotton seed.'4 
“Oleo-oil’? margarines.®: 25 Pancreas.'® 
Pig kidney fat.'® "! Maize kernel.'* 
Maize kernel.!!+ '6 2° Wheat “ 1 
Rye." Oat - 18 
Wheat embryo." !% Kidney beans.'® 

“ kernel."! Yeast.“ 
Cotton seed.'4) 2) 27 Soy beans.*° 
Cabbage leaves.'': *8 Maize embryo. 
Clover 2 18, 23 Peanut meal.?8 


Oat kernel.!8 
Soy beans.?°: 76 
Sunflower seed.?! 
Alfalfa leaves.2?» 23 
Flax seeds.??, 23 
Hemp seed.”? 
Millet seeds.22° 23 





5 Osborne and Mendel, Carnegie Institution of Washington, Publication 
No. 156, pt. ii, 1911; Science, 1911, xxxiv, 722; J. Biol. Chem., 1912, xii, 
473; 1912-13, xiii, 233. 

6 Osborne and Mendel, J. Biol. Chem., 1913, xv, 311; 1913-14, xvi, 423; 
1914, xvii, 401; 1915, xx, 379. McCollum, FE. V., and Davis, M., J. Biol. 
Chem., 1913, xv, 167. 

7 Osborne and Mendel, J. Biol. Chem., 1914, xvii, 401; 1915, xx, 379. 
McCollum and Davis, J. Biol. Chem., 1913, xv, 167. MacArthur, C. G., 
and Luckett, C. L., J. Biol. Chem., 1915, xx, 161. 

8 Osborne and Mendel, J. Biol. Chem., 1914, xvii, 401. MeCollum 
and Davis, J. Biol. Chem., 1915, xx, 641. 

® Osborne and Mendel, J. Biol. Chem., 1915, xx, 379. 

10 McCollum and Davis, J. Biol. Chem., 1915, xx, 641. 

1! McCollum and Davis, J. Biol. Chem., 1915, xxi, 179. 

12 McCollum and Davis, J. Biol. Chem., 1915, xxiii, 181. 

18 McCollum, E. V., Simmonds, N., and Pitz, W., J. Biol. Chem., 1916, 
xxv, 105. 

14 Richardson, A. E., and Green, H. 8., J. Biol. Chem., 1916, xxv, 307; 
1917, xxxi, 379. 
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It is to be noted that in the above lists milk and pancreas 
are the only products of animal origin that have as yet been 
tested for the presence of the water-soluble vitamine. Indirect 
evidence that animal tissues may contain this hormone is afforded 
by studies of the protective, curative, or antineuritic properties 
of some of these in relation to experimental polyneuritis or beri- 
beri. That the substance which induces the remarkable recoveries 
which have been described in these cases is identical with the 
water-soluble hormone which is so essential for growth and 
maintenance is as yet merely a matter of conjecture. 

Suzuki, Shimamura, and Odake*® reported that an alcoholic 
extract of horse meat was unable to prevent the death of mice 
fed on a diet of polished rice; and that dogs fed exclusively on 
polished rice and boiled horse meat became greatly emaciated 
and illin 3 to 4 weeks. Cooper,*® who has reviewed the scanty 
but often suggestive earlier literature up to 1914, has compared 
the antineuritic properties of animal tissues of various sorts with 
respect to their relative potency in preventing or curing avian 
polyneuritis induced by feeding polished rice. The following 
‘ excerpts from his protocols will serve to indicate the general 
results. 


18 Eddy, W. H., J. Biol. Chem., 1916, xxvii, 113. 

16 MeCollum, Simmonds, and Pitz, J. Biol. Chem., 1916-17, xxviii, 153. 

17 McCollum, Simmonds, and Pitz, J. Biol. Chem., 1916-17, xxviii, 211. 

18 McCollum, Simmonds, and Pitz, J. Biol. Chem., 1917, xxix, 341. 

19 McCollum, Simmonds, and Pitz, J. Biol. Chem., 1917, xxix, 521. 

20 McCollum, Simmonds, and Pitz, Am. J. Physiol., 1916, xli, 361. 

21 McCollum, Simmonds, and Pitz, Proc. Soc. Exp. Biol. and Med., 1916, 
xiii, 129. 

22 McCollum, Simmonds, and Pitz, J. Biol. Chem., 1917, xxx, 13. 

23 MeCollum, E. V., J. Am. Med. Assn., 1917, xviii, 1379. 

*4 Osborne and Mendel, J. Biol. Chem., 1917, xxxi, 149. 

26 Halliburton, W. D., and Drummond, J. C., J. Physiol., 1917, li, 235. 

26 Osborne and Mendel, J. Biol. Chem.,1917 xxxii, 369. Daniels, A. L., 
and Nichols, N. B., J. Biol. Chem., 1917, xxxii, 91. 

27 Osborne and Mendel, J. Biol. Chem., 1917, xxix, 289. 

28 Osborne and Mendel, unpublished data. 

29 Suzuki, U., Shimamura, T., and Odake, 8., Biochem. Z., 1912, xliii, 89. 

3° Cooper, E. A., J. Hyg., 1912, xii, 436; 1914, xiv, 12. 
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Amount of Animal Products Necessary to Prevent Polyneuritis. According 
to Cooper. 











In terms of natural! In terms of dry 
foodstuff. weight. 
gm. gm. 
Ox voluntary muscle..................... 20 5.0 
“cardiac Wek aati at cape ete lator’ 5 es 
a titi(ié‘“‘R 6 1.2 
fe ne cr gb vos sie pamaleed | 12 2.4 
EELS Aey 53 V5 Kad ab cakes sakuesas e's 3 0.9 
I ods Sec os aaa ashore s ak | >35 >3.5 
OO OTE OIE TOTED 8 to 15 1.6 to 3 
Fish voluntary muscle.................... >10 2 
a hn a oy The acd avg. La 3 1.5 
| taht SOSA NS fa, 8.525 FA ab eine ad eR pe >8 >5.6 





In 1913 Funk*! made the following statement: In the animal 
kingdom unheated milk and egg yolk are rich in vitamines; these 
foods must supply the great need of vitamines on the part of 
young, growing organisms; furthermore these substances are 
found in meat, especially abundantly in heart muscle, in brain, 
and probably in most animal tissues. In a tabular summary he 
refers to meat juice, meat extract, and slightly roasted meat as 
containing vitamine; and to sterilized meat extract and soup 
meat as being devoid of vitamine. We assume that this refers 
to the antineuritic properties of the substances mentioned. It 
is unnecessary to offer a critique of the significance of the results 
of these earlier statements from the standpoint of the vitamine 
hypothesis of the present time, which takes into account all of 
the possible factors which may be involved in an inadequate 
diet.** ** The problems of growth were not considered. 

In view of the great importance of food hormones in the diet 
and the wide use of animal tissues of various kinds for food it has 
seemed desirable to undertake a comprehensive study of this 
question. Furthermore, it has seemed possible that in parts of 


31 Funk, C., Miinch. med. Woch., 1913, 2614. ‘‘In der Tierwelt ist rohe 
Milch, das Eigelb reich an Vitaminen; diese Stoffe miissen den grossen 
Bedarf an Vitaminen bei jungen wachsenden Organismen decken; ferner 
befinden sich diese Substanzen im Flaisch, besonders reichlich im Herz- 
muskel, im Gehirn und wahrscheinlich in den meisten Tiergeweben.”’ 

32 McCollum, E. V., and Pitz, W., J. Biol. Chem., 1917, xxxi, 229. 
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the various animals which are now little or not at all used for 
human consumption there may be some which are particularly 
rich in the water-soluble food hormone and that consequently 
these, if not suitable for human food, could at least be more 
advantageously fed to growing domestic animals than is now the 
case. 

The results of our experiments with beef muscle and pig liver 
which are described in this paper were of such a character that 
we are now actively engaged in extending this study to a greater 
variety of animal products. We have thus far investigated beef 
muscle, meat extract, the tissue residue from this meat extract, 
and dried pig liver, following the plan of our earlier studies with 
rats. The substance under investigation was fed as the sole 
source of protein and water-soluble vitamine in the diet, combined 
with suitable carbohydrates, fats, and inorganic salts, or merely 
as the sole source of water-soluble food hormone or vitamine in 
an otherwise adequate food mixture. 


The ‘‘meat powder’’ was prepared by grinding fresh lean round of beef 
very fine, drying on pans in a current of hot air, then in an oven at 105°C., 
and grinding to a powder. The ‘meat extract’? was prepared by grinding 
finely chopped lean round of beef through a Nixtamal mill with nearly three 
times its weight of distilled water. The thin pulp was then boiled for a 
few minutes over a free flame, filtered, and the extract concentrated over 
a steam bath or in a current of hot air, nearly dried in a vacuum desicca- 
tor and then in an oven at 105°C.*8 In this way 17.3 per cent of meat 
extract in terms of the total meat solids—each calculated on a water- 
free basis—was obtained. This is a yield considerably larger than that 
usually reported for the water-soluble non-coagulable components of 
meat; it is doubtless due to the extreme degree of comminution obtained 
by grinding with much water in a suitable mill. Before mixing with the 
other ingredients in the food the meat extract was dissolved in a little 
water, mixed with a quantity of cornstarch and dried on pans in a cur- 
rent of hot air. The ‘‘meat residue’’ was prepared by pressing the solid 
portion remaining from the filtration of the extract, in a hydraulic press, 
reextracting it with water, drying in a current of hot air, and finally in an 
oven at 105°C. The dried liver was prepared by removing the larger blood 
vessels from the fresh liver as completely as possible, drying the material 
in a current of hot air, and finally in an oven at 105°C. 





33 This method of drying is essentially the same as we have employed 
in making ‘‘protein-free milk.’’ Our extensive experience with this ma- 
terial has given us no reason to believe that the vitamines are damaged 
to any great extent by the heating. 
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The results of the nutrition experiments are shown in graphic 
form in the accompanying charts. Both the meat powder and the 
meat extract seem to be deficient in the water-soluble food hor- 
mone. When yeast, “protein-free milk,’’ corn germ, or wheat 
embryo—all tested sources of the water-soluble food hormone— 
were added to the diet, a rapid response in growth was made by 
the rats; whereas without them nutritive failure invariably 
ensued. From this it is evident that both the meat powder and 
the meat residue are suitable as sources of protein in the diet 
when the other essential ingredients are present in sufficient 
amounts. This needs emphasis in view of the fact that meat 
residues such as remain after the preparation of soups from muscle 
tissue are often discarded as inferior food products. _The pro- 
teins which they still contain are entirely adequate for nutrition 
in growth. 

The meat extract apparently contains at least a small amount 
of the water-soluble food hormone; for the rats on the edestin- 
meat extract food have grown somewhat better than the majority 
of our animals which have been entirely deprived of this vitamine. 
The quantity of meat extract in this food, however, is equivalent 
to almost twice as much as that in the meat which the rats on the 
meat powder foods received. 

In striking contrast to these results obtained with the muscle 
tissue and its extract are those furnished by the experiments with 
the dried pig liver. They demonstrate that this organ contains 
both adequate protein and a large proportion of water-soluble 
vitamine. These results parallel the findings of Cooper in respect 
to the relative antineuritic properties of muscle and liver, and 
also agree with those of Eddy,” which “seemed to prove con- 
clusively that the water-soluble portion of the acloholic extract 
of pancreas contains a substance that is capable of inducing 
marked increase in growth.” It is to be noted that both liver 
and pancreas, in contrast to muscle tissue, are exceptionally 
rich in glandular cells. 
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Cuart I. Showing the failure of young rats to grow on a diet of meat 
powder, starch, fats, and a salt mixture (Periods 1, 2, and 4) except when 
a small amount of yeast was furnished in addition (Period 3). The addi- 
tion of butter fat in Period 2 in place of lard supplied the fat-soluble food 
hormone without averting the nutritive decline. The quantity of yeast 
added in Period 3, during which the animals grew very rapidly, amounted 
to only 0.2 gm. per day. This was fed separately. The withdrawal of 
yeast in Period 4 was soon followed by nutritive disaster although this 
occurred somewhat less speedily than in the experiments with meat residue, 
Chart II, Period 3, doubtless owing to the small quantity of water-soluble 
food hormone present in the whole meat powder but entirely lacking in the 
meat residue. The highly successful growth when all of the other essentials 
were present (Period 3) shows that the meat proteins per se are entirely 
adequate for nutrition in growth. 

The composition of the foods in the different periods was as follows: 





| . | 
| Period 1. | pry | Period 3. 








percent | percent per cent 


Meat powder.......... 20 | 20 | 20 
Salt mixture 4 4 4 
Starch 68 | 6 | 61 
Lard 15 


Butter fat......... 5 1: 


2.6 


Nitrogen content 2.4. | 


Dried yeast | | 0.2gm. per diem. 
| 2 
| 








The salt mixture used in all these experiments had the following 
composition: 


gm. gm. 
134. Citrie acid + H,O sca; Sean 
24. Fe citrate 1} H,O 6.34 
34. IOS SS ne, 
141. 0.079 
103. 0.248 
53. 0.0245 
9. 


The chemicals used were analyzed and allowance was made for moisture, 
etc. The acids were mixed and the carbonates and ferric citrate added 
to them. The traces of KI, MnSO,, NaF, and K2Al,(SO,)2 were added as 
solutions of known concentrations. The final resulting mixture was 
evaporated to dryness in a current of air at 90-100°C., and ground to a 
fine powder. 
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Cuart II. Showing experiments comparable with those in Chart I 
except that meat residue from which the extractives had been removed 
was used in place of the meat powder. Here, too, there was a failure of 
nutrition except when dried yeast (amounting to 2 per cent of the food 
mixture and equal to about 0.2 gm. per day) was present in the ration 
(Period 2). As explained under Chart I, the failure on the foods without 
added sources of water-soluble food hormone are more prompt in these 
meat residue experiments than in the trials with the meat powder. The 
proteins of the meat residue are thus proved to be entirely adequate for 
growth when all other essentials are furnished in the ration. 

The composition of the food mixtures is as follows: 











Period 1. | Period 2. Period 3. 

per cent per cent per cent 
IN co acted wuss awa poe 18.5 18.5 18.5 
PRINT, 2, sc canccesarecaceces 4.0 4.0 4.0 
A Se, knee 53.5 51.5 53.5 
SN sick x. ocaecitat oes wean 18.0 18.0 
Se Re eee Se 24.0 6.0 6.0 
PN cis. cacicacdvwawessesaces 2.0 
Nitrogen content.................. 2.8 3.0 2.8 














*For composition of salt mixture see legend for Chart I. 
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Cuart III. Showing the nutritive decline owing to the lack of water- 
soluble food hormone in the meat residue (Period 1) and the prompt 
response in growth when various sources of the water-soluble food hor- 
mone such as protein-free milk, corn germs, wheat embryo, and liver 
were added in subsequent periods. The presence of 3 per cent of meat 
extract (equivalent to the amount originally present in the meat) in the 
diet of Rats 4362, 4357, 4347 (Period 1) evidently did not furnish sufficient 
of the hormone to avert the decline. Even 5 per cent of meat extract in 
the diet was insufficient when tested with Rats 4850 and 4354 (Period 2). 
The results afford striking examples of the importance of properly com- 
bining ordinary foodstuffs so that sufficient quantities of all of the dietary 
essentials are furnished. 

The composition of the food mixtures was as follows: 








| Period 1. Period 2. ree 
3. 
fa a | aot : a 
Rats | Rats | Rats Rat tats | Rat Rats 
| 4347 | 4350 | 4347 | 4362 | 4350 4361 4350 
| 4357 | 4354 4357 | | 4354 | 4354 


4362 | 4361 | 


per cent | per cent | per cent | per cent | per cent | per cent| per cent 


Meat residue 114 | 18.5)14 [14 | 18.5] 18.5] 18.5 
Wieat extract..:.......... 3 | 5.0 

Corn germs oes kel | | 5 

Wheat embryo pore ivan | § 

Dried liver................ | 5.0 
Protein-free milk..........| | 28.0 

Salt mixture.............. 4 40| 4 | 4 4.0 4.0 
on ee eee | 55 | 53.5] 53- | 53 | 48.5 | 29.5 | 48.5 
Buttle Git: ....)...20.55.. (18 | 18.0/ 18 | 18 | 18.0/ 18.0) 18.0 


Rape... bss. pavaoata th 6 | 60) 6 | 6 | 60! 6.0} 6.0 
Nitrogen content.......... | 2:4] 2.8] 2.2] 23] 3.3/ 3.0] 3.3 
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Cuart lV. Experiments in which 5 per cent of meat extract was used 
as the sole source of food hormones. The growth of these rats was de- 
cidedly better than experience with vitamine-free diets of comparable 
composition would lead us to expect; but the normal rate of growth has 
not been sustained. The failure at this stage was not due to the lack 
of the fat-soluble hormone; for growth was not improved by the addi- 
tion of butter fat in Period 2. Furthermore inasmuch as rats recorded 
in Chart III failed to grow even with an abundance of butter fat in the 
diet, when meat extract served as the source of the water-soluble hormone, 
but responded promptly to other sources of the latter, the failure of the 
rats on this chart cannot be attributed to a lack of fat-soluble hormone. 
We, therefore, conclude that the meat extract contains at best only a 
small proportion of the water-soluble food hormone. 

The composition of the food mixtures was as follows: 





Period 1. Period 2. 





per cent per cent 
18 18 
+ 
5 
50 


23 


3.65 
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Cuart V. Showing the high efficiency of dried pig liver as the source 
of both protein and water-soluble food hormone for nutrition during 
growth. The contrast between the success of the experiments with liver 
and those of muscle products shown in the preceding charts is most 


striking. 


The composition of the food mixtures was as follows: 


ae | 








| Rats Rats 
4373 4371 
4363 4369 
4364 4368 
per cent per cent 
ee reer ree ree 23 23 
No is cin ciginc nema ey 4 4 
EN eae es oe re a oa pa ames 50 50 
ND Bio c atta) oS ee eae awe Rew ake 18 
Ne i cs tah i eh a a 5 23 
I ea ne eee ree 2.4 2.4 

















* For composition of salt mixture see legend for Chart I. 





























APPLICATIONS OF GAS ANALYSIS. 


II. THE CO, TENSION OF THE VENOUS BLOOD AND THE 
CIRCULATION RATE. 


By YANDELL HENDERSON anp A. L. PRINCE. 
(From the Physiological Laboratory, Yale Medical School, New Haven.) 


(Received for publication, October 10, 1917.) 


The determination of the CO, tension of the arterial blood 
by analysis of the air from a deep expiration—the CO, tension of 
the so called ‘‘alveolar air” of Haldane and Priestley, or as we 
shall call it the “arterial pulmonary air’”—has come to have 
great importance both experimental and clinical. It is probable 
that a simple method of determining the CO, tension, and the 
oxygen also when wanted, in the venous blood, or ‘‘venous 
pulmonary air,” will be almost equally useful. 

The importance of such a method lies in the fact that it affords 
a basis for measuring the volume of the blood stream, the so 
called circulation rate. At present there is not and there is little 
prospect for the development of a method along any other lines 
for the measurement of this supremely important function. 

But, as has been pointed out by Christiansen, Douglas, and 
Haldane (1), once we know how to determine the gas tensions of 
the blood coming to the right heart and lungs, we have all the 
factors necessary to determine the minute-volume of the blood 
stream. The essentials of such a method are as follows: (1) 
Saturate a sample of the subject’s blood with a gas mixture of the 
venous tensions (venous pulmonary air) and determine by analysis 
the CO, content of this blood. This gives the volumes per cent 
of CO, of the blood in the right heart. (2) Treat another sample 
of the subject’s blood with arterial pulmonary air (obtained by a 
sudden deep expiration) and analyze. This gives the CO: con- 
tent of the blood in the left heart. (3) Have the subject breathe 
through double valves into a graduated spirometer for a measured 
time. Read the volume expired and analyze a sample of the 
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air for CO2. The product of the figures thus obtained gives the 
amount of CO, expired per minute. 

From these three measurements we can derive the circulation 
rate. For suppose that the individual expires 10 liters of air a 
minute containing 4 per cent COs. Suppose the arterial blood 
is found to contain 52 volumes per cent of CO, and the venous 
60. Then the heart is pumping 5 liters of blood a minute, 
z.e., (10. & 0.04) + (0.60 — 0.52) = 5. This volume divided by 
the pulse rate is the systolic discharge. 

Obviously, even without this blood analysis, venous pulmonary 
air high in CO, is a strong indication of a circulation slow in 
proportion to the subject’s metabolism,—in other words, an 
inefficient heart. 

For the determination of the venous CO. tension a method has 
been described by Christiansen, Douglas, and Haldane which 
consists in making up in a bag or spirometer a gas mixture of about 
the CO, tension expected. After a preliminary deep expiration 
the subject inhales the contents of the bag, holds it in his lungs 
a few seconds, or breathes it back and forth from and into the bag, 
and then exhales deeply into the bag. If on analysis the CO, 
percentage in the air in the bag is increased above what it was 
before it was breathed, it is evident that the mixture was originally 
too low in COs. If it is decreased, then it was too high. A new 
mixture is accordingly made and tried until one is attained which 
may be inhaled and exhaled, during a period less than the time 
it takes blood to pass from the left around to the right heart, 
without undergoing any appreciable change in gas composition. 
This mixture is of course equivalent (provided certain requirements 
regarding oxygen are complied with) to the gas tensions of the 
venous blood. 

In considering this method the first thought is naturally: 
Why not merely have the subject hold his breath until the air 
in the lungs is changed to the venous composition by the flow 
of blood through the pulmonary circulation? In fact, however, 
the pulmonary air volume is so large and the attainment of the 
venous tension takes so many seconds that before it is complete 
some of the blood makes the round of the circulation and returns 
to the lungs abnormally rich in CO». Accordingly the rise of 
CO. in the lungs does not stop at the venous tension, but as 
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Christiansen, Douglas, and Haldane find, continues to rise. 
Some observations of our own (Fig. 1) suggest that the level at 
which the curve becomes nearly horizontal is that of the CO, 
tension of the tissues at rest (about 7.8 per cent). 

The incapacity of this method to give the venous pulmonary 
air has been confirmed in an extensive paper by Wardlaw (2), 
who has also studied the rise of CO, in a bag of air which the sub- 
ject rebreathes. Before seeing Wardlaw’s paper we had found 
that at least in some subjects a series of determinations of this 
sort (Higgins-Plesch method) with increasing numbers of breaths 


CO, percent 
Sr — 





T + 
| | 
| | 
| | 
i . ee 1 
3 4 5 6 


Number of Continuous Rebreathings 


Fic. 1. Two series of CO, determinations on the air in a bag after the 
number of deep rebreathings (inspiration 5 seconds, expiration 5 seconds 
indicated below the curves. Note that a step occurs in both curves at 
about 6.6 per cent CO. but earlier in p.m. (after dinner) than in a.m. 
without breakfast and in low CO, production. 


into and from a bag (allowing time to recover normality between 
observations) yields a curve of CO, rise in which a short but 
distinct step or level part occurs (at about the third breath with 
the subject at rest and even earlier after a meal or light exercise), 
which probably indicates the venous CO, tension. Such curves 
are shown in Fig. 1. 

The method which we shall here describe differs from the above 
in that the time of holding the breath or rebreathing is reduced 
to less than the period required for any of the blood to complete a 
circulation, but the rebreathing is repeated at intervals of several 
minutes using the same air over and over again. It suggested 
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itself from the fact that the Higgins-Plesch method of determining 
the alveolar air often gives figures which are considerably too 
high for the arterial CO, tension and approximate the venous 
tension. In practice the method is considerably simpler than 
the following description, requiring only a single analysis of the 
contents of the bag of air after it has been taken into the lungs six 
or seven times with adequate intervals for the return of normal 
conditions. On first trial of the method it is well, however, to 
follow through the full technique which is as follows: 

The subject starts with the lungs well filled and makes the 
deepest possible expiration into an empty rubber bag. The bag is 
closed and a sample of its contents analyzed. A COs percentage 
of from 4.5 to 5.5 is usually found. After a few minutes of normal 
breathing the subject empties his lungs as deeply as possible (not 
into the bag) and then quickly inhales the entire content of the 
bag. He holds this air in his lungs for about 5, 10, or 15 seconds 
(according as the subject is at rest or has been exercising, see 
below) and then exhales as deeply as possible into the bag. 
Another analysis is made and a higher COz percentage is found, 
and the procedure is repeated again and again (with intervals to 
allow for return of normal conditions of respiration and circulation) 
until constancy of composition in the air is found in successive 
analyses. When the subject is at rest this occurs usually after 
about the fifth inhalation of the air. (A variation of this pro- 
cedure is, instead of holding the lungs full, to inspire for 5 seconds 
and expire 5 seconds one or more times.) 

Proof that the tension of COz in this air is at least approximately 
that of the venous blood is afforded by the following procedure. 
A bag of air containing about 9 per cent of CO, is prepared and is 
inhaled and analyzed successively. The CO, instead of rising 
falls gradually in a curve which becomes level at the same per- 
centage as that reached when ordinary air is started with. A 
double ‘experiment of this sort is shown in Fig. 2. Evidently 
in this subject (A. L. P.) the venous COs, tension at rest is about 
6.8. é 

A similar determination of the venous CO, tension during work 
is shown in Fig. 3. 

Consideration of these observations leaves one question still 
to be answered; viz., in any individual and under various rates 
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of blood flow and CO, production, how many seconds should the 
air of the bag be held in the lungs or rebreathed? To estimate 
the probably correct answer we may suppose (1) that after the 
preliminary deep expiration (not into the bag) the lungs contain 
2,000 cc. of residual air at 5.5 per cent COs, and that the air 
inspired at the fifth rebreathing from the bag is 3,000 cc. of 6.5 
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Fig. 2. In this diagram the numbers on the abscissa represent successive 
rebreathings at intervals sufficient for return of normal breathing. 

Curve A. Beginning with a full expiration into the bag, each observation 
thereafter represents the CO, percentage obtained by rebreathing the 
contents of the bag only once (inspiration 5 seconds, expiration 5 seconds). 

Curve B. Beginning with inspiration of an artificially prepared 10 per 
cent CO, mixture in the bag the succeeding observations were made as in 
the case of Curve A. It will be noted that after the sixth intermittent 
breath, the CO, in the bag is in equilibrium with the venous blood CO, 
tension. 


per cent CO.. Then the lungs will contain 5,000 ec. of air of 
6.1 per cent CO... Suppose the CO, production of the body is 
300 ce. per minute or 5 cc. per second. Then the 5,000 cc. of air 
held in the lungs would be raised from 6.1 to 6.6 per cent CO: in 
a period of more than 5 seconds, but probably of less than 10 
seconds and would then have reached an equilibrium with the 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XXXII, NO. 3 








330 Gas Analysis. II 


CO, tension of the venous blood coming to the lungs, if the latter 
were 6.6 per cent. Repetition would yield the same figure. 

Evidently if the air were held so long that some of the blood 
made the circuit from the lungs through the tissues and back to 
the lungs the CO, content of the air would again rise, and a false 
high equilibrium would be obtained. If the air is held in the 
lungs too short a period a false low result would be reached. 
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Fic. 3. Observations conducted as in Curve A, of Fig. 2. In this experi- 
ment the subject was performing work at the rate of 167 kilogrammeters 
per minute. Note the increased CO, tension, as compared with the resting 
conditions of Fig. 2, and the more rapid attainment of equilibrium of air 
and blood. 


To test these considerations a series of separate experiments was 
made in some of which the air was held in the lungs for only 3 
seconds, in others 5, 10, 15, and 20 seconds, respectively, at each 
inspiration from the bag. The results are summarized in Fig. 
4 and indicate that under conditions of rest a period of 20 seconds 
is too long and one of 3 seconds is too short. Between 6 and 16 
seconds the results are identical and therefore correct. So for a 
normal man at rest 10 seconds may be adopted as a safe and correct 
period. During even moderate exercise 5 seconds appears a 
sufficiently long period to hold the air in the lungs repeatedly. 
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Fic. 4. Each dot represents the mean of several determinations; 7. ¢., 
a complete experiment (see Fig. 2, Curve A) after gaseous equilibrium had 
been established, made after the sixth to the twelfth intermittent re- 
breathings under conditions of rest. The time indicated represents the dur- 
ation of the intermittent breaths (inspiration plus expiration). Note that 
the true (or at any rate the same) CO, equilibrium is established if the period 
is any length between 6 and 16 seconds. Outside of these limits false 
equilibria are established. It is evident that this time factor will need to 
be shortened during exercise. 


SUMMARY. 


A simple method of determining the CO, tension of the venous 
blood is described and some of its applications to measurement of 
the circulation and to the efficiency of the heart are indicated. 
For all the analyses required in this method the apparatus de- 
scribed in the first paper of this series is suitable (3). 
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APPLICATIONS OF GAS ANALYSIS. 


III. AN APPARATUS FOR THE STUDY OF THE RESPIRATORY 
EXCHANGE IN SMALL ANIMALS. 


By A. L. PRINCE. 
(From the Physiological Laboratory, Yale Medical School, New Haven.) 


(Received for publication, October 10, 1917.) 


The method here described has been found useful in the study 
of various aspects of metabolism in small animals, and also in 
the teaching of students. An experiment, including the analyses 
and calculations may easily be completed within an hour. By 
duplicating the apparatus, it is possible to conduct two or more 
experiments at once. In most of our work white rats have been 
used. Usually the animal is asleep and apparently entirely 
inactive throughout the experiment. Even under these condi- 
tions, and even with an unvarying respiratory quotient, we find 
that in small animals marked variations in the respiratory 
exchange occur due doubtless to movements too slight for 
observation. 


Method. 


The apparatus is shown in Fig. 1. At the beginning of the 
experiment, bottles A and B, having a capacity of 12 and 2.5 
liters respectively, are filled with water from a faucet shown in 
the diagram. A film of mineral oil, a few cc. deep, is floated 
above the water in bottle A. We have found by experiment that 
this film prevents the loss of CO, from the sample collected in 
the bottle. Owing to the high solubility of CO, in water, grave 
errors in the results occur without this protective film. (If, as 
Bayliss claims, oil dissolves more gas than does water, the stag- 
nant character of the oil robs its solvent power of any practical 
importance in this connection.) 

The animal is placed in chamber C, which can be hermetically 
sealed on a glass plate by means of vaseline. This chamber 
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holds a thermometer giving the temperature of the chamber at 
any time during the experiment. After the animal is placed in 
the chamber, the clip on the siphon from bottle B is opened and 
as the water falls, the room air is drawn in through a Miiller 
valve (D). The air passes from the valve into the chamber by a 
small coiled lead pipe, closed at its end and perforated with pin- 
point holes distributed throughout its length. This permits a 
thorough diffusion of the air passing through the chamber. The 
outlet from bottles A and B is regulated to deliver about 700 cc. 
per minute. The capacity of bottle B, therefore, permits a 









































Fia. 1. 


preliminary period of several minutes for the attainment of 
uniform conditions before the actual experiment begins. In 
order to get as nearly as possible a uniform flow throughout 
the experiment the tube through which the water escapes from 
the bottles is carried down 100 cm. below the surface of the 
water in the bottles (this is not shown in the figure), and as 
the surface falls the outlet of the tube is gradually lowered so 
as to keep this head constant, particularly at the beginning and 
end of the experiment. 

At the end of this preliminary period the clip attached to siphon 
E is closed and the clip F is opened. The water is allowed to 
flow out of bottle A for a measured period of time, generally 
15 minutes. The amount of air which has passed through the 
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chamber during this time is determined at once by the level of 
water in bottle A, which is calibrated in cubic centimeters. After 
the sample of air has been collected, all connections which might 
allow entrance of outside air to the bottle are shut off and the 





















































TABLE. 
| z.. 8 Analysis. a , | # 
ge] od@ | Se # | 2 | 26 
Date. | Jule} 33 {82 g |e | e3 
io |s!ié +c Sig | 
Fa sB|E| GB IRR] Om | Oo |e] Elo laa 
= (|e l/eEl/alo ja 1OoO|}d | @ le 
Rat on diet of bread and water. 
1917 gm. mm.| ce. bee os cent| per cent| ce. ce. | | vw. 
Mar. 28 _|3.00;333/760|6343.4) 14 | 1.457/19.348'6.60.7.34.0.90 |21 
1.452) | 
Apr. 2 3 .00/330/761|6442.1) 14 | 1.455)19.39 6 .55)7.22'0.90 17.7 
a 3.00)331)765 note 14 | 1.76 |19.10 |7.95|8.65|0.918)19.0 
~ 9 3 00)335) 761 6419 14 1.337/19.52 5.991655 0.90 18.5 
—|—}——|—— 
eo eee ea 6.77)7.44/0.90 | 








Animal without food 6 hours before first experiment. 





Apr. 12 —_|3.05/330/760! 7301 |21.5! 2.025| 18.47/6.77| 8.810.77 |19.5 
2.022 < 
“ 12 — |4.09|3301760| 7301 |21.5| 2.050] 18.386.8 | 8.9 


| 0.76 |19.5 
| 2.027| 18.47| 
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| | 
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2.230| 18.18 7.4 | 9.7:0.76 |19.0 
2.180) 18.28 
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animal is removed from the chamber. The air in bottle A is 
thoroughly mixed by the fan shown in the diagram and its tem- 
perature taken. By allowing water to enter bottle A by way 
of funnel H a sample of any desired size is withdrawn, either into 
a rubber bag or directly into a gas analyzer from the T connection 
G. This air is then analyzed for oxygen and CQ..' 





1 Paper IV of this series. 
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Knowing the total quantity and the temperature of the air 
collected in unit time, the barometric pressure and the percentage 
of CO, and oxygen in the air, we have all the elements needed to 
calculate the CO3 elimination and oxygen consumption per minute 
and the respiratory quotient, and also (by the indirect method) the 
calories expended.” " 

The type of results obtained is shown in the accompanying 
table. It will be noted that the weight of the animal did not 
change materially during the period of these experiments over 
2 weeks, and that the respiratory quotient remained practically 
constant at 0.9 when the animal was on a diet of bread and water, 
and at 0.76 when fasting. In view of the uniformity of the 
respiratory quotient under fixed conditions, and in view of the 
fact that the animal was asleep and apparently quiescent through- 
out all of the experiments, the variations in the respiratory 
exchange for the short periods observed are much greater than 
would be expected, amounting to 12 per cent. 

It is well known that the rate of metabolism varies directly 
with the surface weight ratio. This evidently applies strictly 
only in cases where there is a marked difference in the surface 
area of the animals under study. In a series of experiments 
comprising more than 50 animals weighing from 114 to 213 gm. 
the differences in metabolic rates observed did not follow this 
law consistently. We have found that within these weight 
limits, the CO, elimination per gm. per minute varied from 0.03 
cc. CO, to 0.033 ec.; in the case of the oxygen consumption per 
gm. per minute from 0.033 to 0.038 cc. 


2 Haldane, J. S., Methods of Air Analysis, London, 1912. 




















RELATIONSHIP BETWEEN CHOLESTEROL AND CHO- 
LESTEROL ESTERS IN THE BLOOD DURING 
FAT ABSORPTION.*+ 


By ARTHUR KNUDSON. 


(From the Laboratory of Biological Chemistry, Medical Department of Union 
University, Albany Medical College, Albany.) 


(Received for publication October 11, 1917.) 


Besides the true fats (compounds of glycerol and fatty acids) other 
substances closely related to fats are utilized in the animal economy. 
Some of these, including cholesterol, are essential constituents of every 
living cell. Cholesterol exists in the body tissues in both a free condition 
and a combined form as esters of higher fatty acids; such as palmitic, 
oleic, and stearic. 

Cholesterol in the free condition has been known to act as a neutralizing 
substance to a number of different poisons (antihemolytic action against 
saponin,! tetanolysin,? etc.). Very little, however, is known of the use 
of esters of cholesterol or the part that cholesterol plays in the metabolism 
of fatty acids. It has been shown that during absorption of free cholesterol 
from the intestine it is partially esterified and appears so in the chyle and 
vice versa during absorption of cholesterol esters they are partially hydro- 
lyzed. During absorption of fat free from cholesterol Bloor‘ found that 
the cholesterol of the blood remains constant and this is confirmed in the 
experiments reported here, although some investigators®*® have claimed 
an increase of cholesterol. In recent investigations,’’* on the partition 





* A report of this work was presented before the American Chemical 
Society, in Boston, September, 1917. 

+ This work was supported in part by a grant from the Elizabeth 
Thompson Science Fund. 

1 Ransom, F., Deutsch. med. Woch., 1901, xxvii, 194. 

2 Abderhalden, E., and Le Count, E.R., Z. exp. Path. u. Therap., 1905-06, 
ii, 199. ’ 
3 Mueller, J. H., J. Biol. Chem., 1915, xxii, 1. 
‘ Bloor, W. R., J. Biol. Chem., 1916, xxiv, 447. 
5 Iscovesco, H., Compt. rend. Soc. biol., 1912, Ixxii, 920. 
6 Terroine, E. F., J. physiol. et path. gen., 1914, xvi, 386. 
7 Bloor, J. Biol. Chem., 1916, xxv, 577. 
8 Bloor, J. Biol. Chem., 1916, xxvi, 417. 
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of lipoids in normal and pathological blood cholesterol was found to bear 
a constant relation to the other blood lipoids. The fact that cholesterol 
maintains this constant relation to fatty acids and lecithin even in severe 
lipemia would seem to indicate that it plays an important part in fat 


metabolism. 
In most animals a definite balance is found to exist between free and 


bound cholesterol in normal blood.*" In normal human blood there was 
also found a constant relation between free and bound cholesterol, which 
was also maintained in most pathological conditions. It was likewise 
found to support the claim that there are few if any cholesterol esters in 
the corpuscles.'? This constant relation between free and bound choles- 
terol would tend to give further support to the assumption that choles- 
terol takes an active part in fat metabolism. Therefore, it was deemed 
desirable to get a better understanding of the relation of these two 
forms so as to-obtain further solution of the problem of their physiology. 


In the present work determinations of the balance between 
cholesterol and cholesterol esters in the blood during the period 
of fat absorption were made. Along with these determinations 
of cholesterol and its esters the other lipoid constituents of the 
blood (total fatty acids and lecithin) were determined in order 
to confirm the results reported by Bloor." 

Dogs were given a feeding of fat only and blood samples were 
taken at once and at 2 hour intervals for 8 hours. Previous to 
the fat feeding the dogs were fasted for 24 hours in order to be 
sure of the blood being free from ingested fat. The blood samples 
were drawn from the jugular vein into a hypodermic syringe 
(containing a little powdered oxalate) and run at once into a 
centrifuge tube containing a little oxalate. 3 cc. of the whole 
blood were then extracted and made up to 100 cc. volume accord- 
ing to Bloor’s procedure.'* Then the tube was centrifuged for 
10 minutes at 2,000 revolutions per minute and relative volume 
of corpuscles and plasma noted. 3 ce. of the plasma were then 
extracted as was the whole blood. 

Cholesterol, cholesterol esters, total fat, and lecithin were 
determined on each specimen of whole blood and the plasma. 


® Fraser, M. T., and Gardner, J. A., Proc. Roy, Soc., B, 1909-10, Ixxxii, 
559. 

10 Klein, W., and Dinkin, L., Z. physiol. Chem., 1914, xcii, 302. 

11 Mueller, J. Biol. Chem,, 1916, xxv, 561. 

12 Bloor, W. R., and Knudson, A., J. Biol. Chem., 1916, xxvii, 107. 

13 Bloor, J. Biol. Chem., 1916, xxiv, 227. 
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Cholesterol was determined by Bloor’s'* method using 10 cc. of the blood 
extracts for each determination. In the determination of cholesterol 
esters the method as reported recently'* was used and from 20 to 25 cc. of 
the blood extracts were required for each determination. Total fat (total 
fatty acids plus cholesterol) was determined by Bloor’s method.'® The 
value for total fatty acids used in the tables was obtained by subtracting 
the value obtained for cholesterol from that of total fat. 

For the determination of lecithin the method of Kober and Egerer'* 
for phosphorus, as modified by Bloor‘ for blood lecithin, was used. In 
regard to the lecithin determinations considerable difficulty was encoun- 
tered in preparing a satisfactory strychnine molybdate reagent for pre- 
cipitating the phosphorus. After testing out the purity of different chem- 
icals involved in preparing the reagent it was found that the trouble was 
due to the sodium molybdate. Kober and Egerer had found Merck’s 
sodium molybdate satisfactory, but on account of the war they had to 
prepare this substance themselves from molybdic acid and sodium hy- 
droxide. Using the ordinary c.p. stick sodium hydroxide and pure molyb- 
dic acid did not produce a satisfactory sodium molybdate, but substituting 
Merck’s sodium hydroxide (in lumps) prepared from sodium a satisfactory 
sodium molybdate for preparing the strychnine molybdate reagent was 
obtained. It is possible that the difficulty of obtaining a pure sodium 
molybdate is due to the sodium hydroxide containing some phosphorus 
as an impurity. 


Experiments were carried out on two dogs. 


Experiment 1.—Dog 1 was a healthy male weighing 9.5 kg. It was fed 
50 ce. olive oil at 10.20 a.m. At 10.25 a.m. the first sample of blood was 
taken. After taking a 3 cc. sample for whole blood, the remainder was 
centrifuged for 10 minutes at 2,000 revolutions per minute. The corpuscles 
were found to be 52 per cent. The plasma was clear and yellow in color. 
A 3 cc. sample was taken for analysis. The other samples were as follows. 


Sample. Corpuscles. Plasma. 
p.m. per cent 
NOSSO EAE RARER PR 2) 52.2 Cloudy. 
i ere eS 51.6 “ — white. 
Mii) MS eg eS San ek arg oe eae 48 .6 Milky. 
ss ire ay ats ca blaere oe 48. Cloudy. 


Experiment 2.—Dog 1 as before, weight 9.5 kg. Fed 60 cc. olive oil 
at 10.33 a.m. First blood sample 10.38 a.m. Corpuscles 49.4 per cent. 
Plasma clear. 





14 Bloor and Knudson, J. Biol. Chem., 1917, xxix, 7. 
16 Bloor, J. Biol. Chem., 1914, xvii, 384. 
16 Kober, P. A., and Egerer, G., J. Am. Chem. Soc., 1915, xxxvii, 2373. 
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Plasma. 


Cloudy, white 
Milky. 
“ 


“ 


Experiment 3.—Dog 1 as above, weight 10.3 kg. Fed 65 cc. olive oil 
at 10.48 a.m. First blood sample at 10.53 a.m. Corpuscles 47.5 per cent. 
Plasma clear. 


Sample. Corpuscles. Plasma. 
.m. per cent 


Cloudy, white. 
3 53. “greater than No. 2. 
4 : Milky. 
5 “ slightly. 
Experiment 4.—Dog 2 was a healthy male weighing 8 kg. Fed 50 ce. 
olive oil at 10.05 a.m. First blood sample at 10.10 a.m. Corpuscles 52 
per cent. Plasma clear. 


Sample. Corpuscles. Plasma. 
.m. per cent 


White cloudiness. 
3 : : Milky. 
4 ' r Slightly milky. 
5 


Milky. 


Experiment 5.—Dog 2 as above, weight 8.3 kg. Fed 60 cc. olive oil at 
9.25 a.m. First sample at 9.30 a.m. Corpuscles 50 per cent. Plasma 
clear. 

Sample. Corpuscles. Plasma. 


White cloudiness. 
Milky. 

White cloudiness. 
Almost clear. 


Experiment 6.—Dog 2 as above, weight 8.6 kg. Fed 65 cc. olive oil at 
9.40 a.m. First sample at 9.45 a.m. Corpuscles 52 per cent. Plasma 


clear. 
Sample. " Plasma. 


2 ; Cloudy. 
3 “ 
Milky. 
Cloudy. 


The dogs used in these experiments were previously accustomed 
to handling, and did not struggle during the experiments or show 
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other evidences of excitement, so those factors would not influence 
these results. 
The analytical results are given in Table I. 


. TABLE LI. 


Cholesterol and Cholesterol Esters during Fat Absorption. 


Direct deter- 


Mg. per 100 Ce. 





iment. 


| No. of exper- 


ee 


i) 
























































Whole blood. Blood plasma. Corpuscles. 

Time. | ie 

Total. As ester. Total. As ester. Total. | As ester. 

mg mg per cent) mg. mg. \per cent) mg. mg. | per cent 
Before. | 22 57 | 25.8) 227] 110] 48.5| 215) 7 | 3.2 
2hrs. | 22 80 | 36.2} 231] 129/ 55.8! 213| 34 | 15.9 
4 « 208 | 71 | 34.1] 217] 125| 57.7 200 | 26 | 10. 
6 « 210} 83 | 39.5] 213] 135 | 63.4) 208) 28 | 13.4 
8 “ 210| 64 | 30.4) 217) 121/ 55.7| 202| 2 oO 
Before. | 220| 57 | 25.9] 210! 111} 52.9] 230; 2 | 09 
2hrs. | 217| 74 | 34.1! 208| 126 | 60.6| 228/ 15 6.5 
4 « 211} 71 | 33.7) 196) 110| 56.2) 226) 32 | 14.1 
6 “ 219 41.1| * 
g « 208 | 87 | 41.7} 197| 140| 71.2] 222! 29 | 13 
Before. | 195 | 56 | 28.7| 179 98 | 54.7] 212| 9 | 4.2 
2hrs. | 200| 55 | 27.5] 188| 106/ 56.5] 211; 8 | 3.7 
4“ 201} 69 | 34.3} 182] 105 | 57.8| 218| 37 | 16.9 
6 “ 198 | 74 | 37.3] 180] 117| 65.7] 214] 36 | 16.8 
g « 203 | 60 | 29.5| 177 96 | 54.2| 231) 22 | 9.5 
Before. | 196| 51 | 26. | 180) 100/55.6/ 211; 6 | 2.7 
2 hrs. 200 70 | 35. 176 105 | 59.1 213 | 39 18.3 
4 « 188 | 7 39.3 173] 123] 71.1| 202) 49 | 24.2 
6 “ 197 | 7 35.5 | 174] 104] 59.8] 217} 40 | 18.4 
g “ 196} 72 | 36.7] 192| 113| 58.9! 200! 30 | 15. 
Before. | 206] 55 | 26.6/| 206| 105 | 50.9| 206 5 2.4 
2hrs. | 205] 7 37. 206 | 111 | 53.8/ 204| 43 | 21. 
4“ 200 | 82 | 41. 210| 118| 56.2) 195| 48 | 24.6 
6 “ 204} 80 | 39.2} 203] 115| 56.7| 204| 47 | 23. 
8 “ 211| 84 | 39.8} 201/ 123| 61.2| 220] 64 | 29. 
Before. | 213} 54 | 25.3} 193| 110| 57. 231 2 0.8 
2hrs. | 219) 59 | 26.9] 204/ 117] 57.5 | , 234 1 0.4 
4“ 221} 58 | 26.2} 208; 121] 58.2} 233 0 0. 
6 “ 206 | 83 | 40.2} 195| 126] 64.7] 217) 42 | 19.3 
g « 220} 62 | 27.3] 210/ 122] 58.2} 229 4 | 7 

















* This specimen of blood plasma was lost in making up to volume. 
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TABLE I—Concluded. 


Total Fatty Acids and Lecithin in the Blood during Fat Absorption. Gm. 
per 100 Ce. 





Total fatty acids. 


Lecithin. 





Plasma. 


Corpuscles. 


Plasma. 





4 “ 
6 “ 
8 “ 


gm. 
0.730 
1.065 
1.015 
0.903 
0.883 


gm. 
0.637 
1.197 
1.169 
.067 
.085 


gm. 
0.297 
0.312 
0.331 
0.361 
0.334 





2 hrs. 
4 “ 
6 ““ 
8 “ 


Before. 


0.745 
1.010 
1.076 
t 

1.053 


766 
.708 
115 


.064 


0.300 
0.290 


0.337 
+ 


! 


0.300 





2 hrs. 
4 “oe 
6 “ 
8 “ 





Before. 


0.608 


4 
842 
055 


969 


ed 


% 
.847 
615 
173 
214 


0.305 


0.325 . 


0.349 
0.340 
0.311 





Before. 








4 
6 
8 


“ 


“ 


“ 


701 
824 
988 
942 
880 


.650 
.007 
454 
392 
154 





0.332 
0.370 
0.398 
0.346 
0.346 





Before. 
2 hrs. 


4 
6 
8 


| 
| 2hrs. 
| 


“ 


“ 


“ 


665 


‘ 

962 
863 
789 


cososo|soosoce 


77. 

372 
. 228 
115 
.038 


0.312 
0.348 
0.336 
0.354 
0.366 





4 
6 
8 





“ 


“ 


“ 





0.717 
0.800 
0.837 
0.900 
0.815 








0.789 
1.342 
1.035 
1.932 
0.962 








0.324 
0.290 
0.290 
0.322 
0.359 








+ Specimen lost while making up to volume. 
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minations were made only on the whole blood and plasma from 
which, knowing the percentage of corpuscles in the blood, the 
composition of the corpuscles was calculated. 


RESULTS AND DISCUSSION. 


Cholesterol (Total).—The changes in total cholesterol are 
slight and inconstant and in most cases remain the same through- 
out the experiments, thus confirming the results reported by 
Bloor.‘ 

Cholesterol Esters—The values for cholesterol esters present 
some interesting relations. In all the experiments the analyses 
before fat absorption show that the cholesterol as esters bears ¢ 
constant relation to the total cholesterol. In the whole blood 
it is found that from 25.3 to 28.7 per cent is combined as esters 
and in the plasma from 48.5 to 57 per cent. The values for the 
corpuscles, being determined indirectly from the whole blood and 
plasma, would not as a consequence be as reliable; however, it 
is noteworthy that the amount of ester is very low, varying from 
0.8 to 4.2 per cent. It may be possible that determinations made 
directly and with methods yielding absolute values would show 
no combined cholesterol in the corpuscles as is generally believed 
now. 

During the absorption of fat it is found that the amount of 
cholesterol as esters increases in all these experiments. 

In the whole blood the greatest increase is noted in Experiment 
2 where cholesterol as esters increases from 57 mg. to 90 mg. or 
57.8 per cent. In the other experiments the increase varies from 
32 to 53 per cent with an average increase for all experiments 
of 47.4 per cent. In the plasma the increases are not so great 
and the greatest increase is in Experiment 4, being 23 per cent, 
the others varying from 14.5 to 22 percent. On the other hand, 
the increases in the corpuscles are most marked. If one considers 
the calculated values for esters in the corpuscles before fat absorp- 
tion as correct, then after absorption the increases are very 
striking, varying from 300 per cent in Experiment 1, to 1,170 per 
cent in Experiment 5 and even 2,000 per cent in Experiment 6. 

The increase during fat absorption is infinitely greater if one 
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considers the normal amount of esters in the corpuscles as negli- 
gible. 

The fact that cholesterol esters increase during fat absorption 
bears out the assumption that cholesterol takes an active part 
in the metabolism of fatty acids. The maximum increase of 
cholesterol esters during fat absorption occurs in most experiments 
about the 6th hour after feeding, while for the total fatty acids it 
occurs about the 4th hour. 

It is interesting to note also that the cholesterol esters bear a 
somewhat general constant relation to the total fatty acids and 
to the lecithin, as shown in Table II. 


TABLE II. 


Relation between Total Fatty Acids and Cholesterol Esters and between 
Lecithin and Cholesterol Esters in the Whole Blood. 





Total fatty acids. Lecithin. 


Cholesterol esters. Cholesterol esters. 








Experiment. Experiment. 





3 4 4 


2} 12.2 


6) 15.1 


18.1 



































It is hardly to be expected that an exactly constant relation 
could exist as the cholesterol esters reach their maximum on the 
whole a little later than the total fatty acids. The relation be- 
tween lecithin and cholesterol esters seems to be more constant 
than relation between total fatty acids and cholesterol esters. 
This constancy of relation between lecithin and cholesterol esters 
might be taken as evidence that cholesterol esters are one of 
the intermediate stages in fat metabolism as well as lecithin. 
Just what function the formation of cholesterol esters plays in 
fat metabolism is difficult to tell at present. 

Total Fatty Acids.—The fatty acids show the ordinary increases 
which have been noted by several investigators during fat absorp- 
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tion.'7'%4 In the whole blood the greatest increase was 89 
per cent in Experiment 6 and it varied in the other experiments 
from 49 to 82 per cent. In the plasma the increases are less, 
varying from 25 to 73 per cent. The most marked increases are 
noted in the corpuscles varying from 48 to 145 per cent. These 
results bear out the findings of Bloor‘ and Munk®’ who like- 
wise noted that fat of corpuscles is increased most during fat 
absorption and assumed that the corpuscles actively absorb the 
fat from the plasma. 

Lecithin.—The results for lecithin confirm the findings of 
Bloor.* In all the experiments lecithin is found to increase in 
the blood during fat absorption. In the whole blood the increases 
are from 26 to 48 per cent, in the plasma increases are much less, 
varying from 9 to 21 per cent, while in the corpuscles they are 
most marked varying from 42 to 84 per cent. 

In both the lecithin formation and cholesterol esters it is to be 
noted that the greatest increases occur in the blood corpuscles. 
This would indicate that the blood corpuscles take a very active 
part in the absorption and assimilation of fat. The corpuscles 
take up as much fat as possible and transform it into cholesterol 
esters and lecithin which are regarded as intermediate stages of 
fat metabolism. 


SUMMARY. 


Determinations of the balance between cholesterol and cho- 
lesterol esters along with determinations of total fat and lecithin 
have been made in the whole blood and plasma (and by calculation 
in the corpuscles) during a series of fat absorption experiments 
with the following results. 

1. The quantity of cholesterol showed no constant change 
agreeing with earlier investigations. 

2. The cholesterol esters increased in both plasma and cor- 
puscles but the increase is most marked in the corpuscles. 

3. The total fatty acids and lecithin likewise increased in 
plasma and corpuscles but the increase is greater in the corpuscles. 

17 Terroine, J. physiol. et path. gen., 1914, xvi, 386. 

18 Mendel, L. B., and Baumann, E. J., J. Biol. Chem., 1915, xxii, 165. 


19 Bloor, J. Biol. Chem., 1915, xxiii, 317. 
20 Munk, I., and Friedenthal, H., Zentr. Physiol., 1901-02, xv, 297. 
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4. A fairly constant relationship between total fatty acids and 
cholesterol esters and between lecithin and cholesterol esters was 
noted in the whole blood. 

5. The greater increases of cholesterol esters and lecithin in 
the blood corpuscles, along with the greater amount of fatty 
acids, would indicate that the blood corpuscles play a very active 
part in fat metabolism. 








A BIOLOGICAL ANALYSIS OF PELLAGRA-PRODUCING 
DIETS. 


III. THE VALUES OF SOME SEED PROTEINS FOR 
MAINTENANCE. 


By E. V. McCOLLUM anv N. SIMMONDS, 


(From the Laboratory of Agricultural Chemistry of the University of 
Wisconsin, Madison.) 


(Received for publication, October 17, 1917.) 


When an animal is fed solely upon a single kind of seed, regard- 
less of the kind of plant from which it is derived, loss of weight 
ensues and death is certain to supervene within a few months. 
Due to this fact it has not been possible in the past to determine 
experimentally the comparative biological values of the proteins 
of one variety of seed as contrasted with those of another. During 
the past 4 years we have in this laboratory developed experimental 


methods which make possible such a study. It depends upon the 
full appreciation of (1) the deficiency of all seeds in certain inor- 
ganic elements (calcium, sodium, and chlorine), and that these 
must be added before it is possible for an animal to make optimum 
utilization of the proteins of its food, (2) most of the seeds of 
plants are likewise deficient in the unidentified dietary essential 
fat-soluble A, which is found abundantly in the fats of milk and 
eggs and in leaves and a few seeds. When the seeds are improved 
from the dietary standpoint in these respects, the limiting factor 
in determining their biological values is the protein. 

When a seed is fed supplemented with both salts (NaCl and 
CaCOs;) and butter fat (fat-soluble A), the limiting factor is 
then the quality of the protein. In order to determine the relative 
value of the total protein as compared with other seeds, the 
following modifications of this mixture are made: (a) a pure 
carbohydrate is added to produce a low protein mixture; (b) the 
mixture is fed without any carbohydrate addition; (c) the mixture 
is fed with a protein preparation from the seed employed so as 
to raise the plane of protein intake to higher levels. The results 
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of feeding rations so planned show the relative value of the total 
protein of the seed as compared with that of other seeds 

he interpretation of the data depends upon the plane of 
protein intake from each seed which is necessary to just maintain 
an animal without loss of body weight, and the plane which 
will just support growth at some particular rate, ¢.g., half or full 
normal as estimated from the curve of normal expectation for the 
species. We have discussed in previous papers the rates of 
growth obtained on diets in which the protein was fed at about 
8 per cent of the food mixture or at higher levels (1). In the 
present communication we present data which show the minimum 
protein intake which suffices for maintenance when derived from 
the seeds of wheat, maize, oat, rice (polished), millet seed, flax- 
seed, bean, and pea and, for comparison, an experiment in which 
the sole protein (6 per cent) of the diet was from the alfalfa leaf. 

\ question of the greatest importance receives a fairly definite 
answer from these experiments in which we closely approximated 
the protein minimum for maintenance using a single naturally 
occurring food of vegetable origin as the sole source of protein 
and continued the experimental trials long enough to demonstrate 
their physiological effects. We have here experiments with ra- 
tions so constituted that the effects of a low protein diet without 
complications of any kind are visible... Details concerning the 
condition of the animals are given in the legends to the charts. 
One fact was evident in all the lots of animals observed, +: 
the marked tendency to rapid loss of weight and failure to main- 
tain body weight in the case of most of the animals, although a 
few were able to do so, for a considerable period. This can be 
interpreted only to mean, we believe, that the vitality is greatly 
lowered by a diet, otherwise adequate, but near the physiological 
minimum in its protein content. 


Some work with diets of this nature in which milk and wheat proteins 
were employed has been ilready reported by MeCollum and Davis (/. 
Biol. Chem., 1915, xx, 415). Osborne and Mendel have likewise fed ‘‘ pro- 
tein-free milk”? with purified proteins at low planes of intake (J. Biol. 
Chem., 1915, xx, 351). In their rations the nitrogen in uncharacterized 
forms found in “ protein-free milk’’ constituted 7 to 63 per cent of the 
total nitrogen of the diet so that without further study their results can- 
not he interpreted As showing the relative biological values of the pure 


proteins employed 
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The data on maize, wheat, oats, and flaxseed presented in the 
charts support the conclusions arrived at in this laboratory in 
experiments with swine confined to metabolism cages and fed a 
single kind of seed as a source of protein (? Nitrogen halances 
were kept on the animals during periods of 30 to 40 days The 
protein mixtures of the wheat, oat, and maize kernels differ but 
little in their biological values. Withswine it was found that wheat 
maize, and oat proteins could be retained for erowth to the extent 
of 20, 23, and 26 per cent respectively of the amount ingested 
With rats 6 per cent of wheat or maize proteins just suffice to 
maintain the animals in body weight, while 4 per cent of oat 
proteins has maintained them in distinctly better condition as 
judged by their appearance than did wheat and maize proteins at 
6 per cent of the food mixture 

There may seem in these observations on oat proteins to be 
an apparent contradiction to the results we have already published 
concerning the dietary properties of the oat kernel (3). A high 
consumption of rolled oats (uncooked), we concluded, exerted 
an injurious effect upon growing rats. This we attributed pro- 
visionally to the tendency to form pasty feces which were difficult 
of elimination. We pointed out that this depressing factor made 
uncertain our interpretation of the amount of growth secured with 
various planes of oat proteins. In other words we suspected 
that the oat proteins might be of higher biological value than the 
results seemed to indicate. The results of feeding oat proteins 
at still lower levels for maintenance records tend to confirm us 
in this belief. With the low intake of oats the injurious effects 
would of course decrease and permit the animals to manifest 
in appearance and health the beneficial effects of a satisfactory 
amino-acid mixture in the diet. 

Flaxseed proteins appear in these maintenance experiments 
with rats to have a still lower biological value when fed as the sole 
source of protein, than have the proteins of the wheat, oat, or 
maize kernels. This again is in harmony with our former results 
with swine in which nitrogen balance records indicated that this 
species can retain for growth only 16 to 17 per cent of the nitrogen 
ingested as flaxseed proteins. It requires about 8 per cent of 
flaxseed proteins in the food mixture to maintain a grown rat. 
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An excellent supplementary relationship exists between the pro- 
teins of the flaxseed and the maize kernel (2). 

One of the most surprising results of this investigation is the 
value which it assigns to the proteins of polished rice as compared 
with the other cereal grains. The results of other investigators 
had led us to expect that rice proteins should show an extra- 
ordinary biological value. Karl Thomas (4), working upon 
himself as a subject, attempted to find the lowest intake of nitro- 
gen, as protein, which, derived in turn from a single one of a 
number of more common foodstuffs, would maintain him in 
nitrogen equilibrium. He expressed his results as the “ biological 
values”’ by which he indicated the per cent of the food protein 
which could be converted into body protein. Thomas assigned 
the following relative values to four seeds which are remarkable 


for the contrast they show with our observations: 


Thomas’ values. 
per cent 
‘ 


RETIREE GR a rar pens Pee Cenc Ee latte LN Lt nee RO To pm 29.5 


We have recently pointed out (5) that young rats fail to grow 
on a diet which is entirely satisfactory except that its sole protein 
content of 10 per cent was derived entirely from cooked peas plus 
gelatin, yet they responded with rapid growth when pure proteir 
(casein) was substituted for the gelatin. Poor quality of the pea 
proteins was therefore responsible for their failure to grow. 9 
per cent of either wheat proteins or of maize proteins support 
growth at about half the normal rate (1) and have therefore about 
the same value. A slightly better growth with wheat is probably 
due to the lower digestibility of maize proteins. Pea proteins are 
therefore distinctly inferior to either the wheat or maize proteins. 
These observations on growth are entirely in harmony with the 
maintenance experiments shown in Charts 1, 2, and 3 for wheat 
and maize and in Chart 12, which shows maintenance on 11.5 
per cent of pea and of bean proteins. Several of these rats had 
acquired but 60 to 70 per cent of their growth but they were 
unable to grow further in any instance. 

The work of Thomas has been frequently cited as authoritative. 
Indeed Osborne, Van Slyke, Leavenworth, and Vinograd (6) 








E. V. McCollum and N. Simmonds 351 


after observing the lysine content of mixtures approximating 
the character of the proteins of the maize, wheat, and rice kernels 
to be 0.97, 1.58, and 4.26 per cent, respectively, called attention 
to the remarkable correspondence between the lysine content of the 
proteins of these seeds and the biological values of the same pro- 
teins as determined by Thomas. This they regarded as a strong 
argument in support of the idea that lysine is in all these seeds 
the essential amino-acid which is present in smallest amount and 
is therefore the limiting factor in determining the biological value 
of the proteins in each. 

Our results, when checked, both regarding maintenance at low 
planes and growth at higher planes of protein intake in the rat, 
and by growth studies with young swine, are so absolutely at 
variance with those of Thomas, that we are forced to the conclu- 
sion that some error must have occurred in his work. We have 
recently shown that lysine cannot possibly be the limiting amino- 
acid in either the maize or oat kernel (7). 

So far as chemical methods have been able to show, the proteins 
of the bean and pea contain all the known amino-acids necessary 
for nutrition and in no unsymmetrical distribution as in the case 
of wheat and maize proteins, yet the legume proteins have only 
about one-half the value of those of wheat and maize. Such 
experiences as these emphasize what must be conceded by one 
who reflects upon the problem, viz.; that there is entirely too great 
a tendency to put faith in the data derived from a chemical analysis 
as an indication of the value of the proteins in animal nutrition. 

Millet seed, which, together with flaxseed, we have shown to 
contain a much greater amount of fat-soluble A than is found in 
the ordinary cereal grains, differs very greatly from flaxseed in 
the value of its proteins when fed as the sole source of nitrogen. 
Millet seed proteins possess a somewhat higher value for main- 
tenance than those of any other seed in the list reported in this 
paper, except oats. 

Pea and bean proteins possess about the same biological values 
when fed alone, but the fact that the value of bean proteins is 
enhanced by oat proteins whereas pea proteins are not (5), shows 
that the essential amino-acid which forms the limiting factor 
is not the same in these two legume seeds. About 11 per cent of 
proteins from either of these seeds is required for maintenance. 
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Cottonseed proteins are of relatively good quality as indicated 
by the maintenance of body weight in all rats fed a ration whose 
6 per cent protein content was derived from this source. 

As compared with the seed proteins employed in the present 
experinients, the nitrogen of alfalfa leaves shows, when fed as the 
sole source of protein, no superiority. Without more extensive 
data, it is undesirable to speculate regarding the biological value 
of the protein and non-protein nitrogen of this or other leaves. 

In considering the data presented above, it should not be lost 
sight of that in all cases such additions were made to the seeds as 
made good their dietary deficiencies other than protein. The 

-results are not to be interpreted as applying to the seeds themselves 
but to the seeds with the additions noted. 

A few. words should be said regarding the application of this 
data to the interpretation of the dietary factors operating to 
produce pellagra. From single seeds the plane of protein intake, 
which is necessary for maintenance of body weight in grown or 
nearly grown rats, when all other dietary factors are properly 
adjusted, varies from 4 to 6 per cent in the case of millet seed, oat, 
wheat, maize, rice, flaxseed, and cottonseed to about 11 per cent 
in the navy bean and pea. Millet seed and oat proteins are 
distinctly better than those of the other seeds named. We are 
conscious that the objection may be raised that we are.not in these 
experiments comparing the relative values of the total protein 
of the seeds, but rather that portion which is digested and absorbed. 
Nothing is gained by applying to the data a digestibility factor 
and comparing “digestible protein.’”’ The apparent digestibility 
of a food depends not alone upon the extent to which the protein 
of the food is capable of being hydrolyzed by enzymatic action, 
but by the presence of large or small amounts of indigestible 
material which not only may prevent access of the secretions to 
the food but likewise hold from absorption the digested material 
(8). As we express the results we are showing the comparative 
values of what the animal gets from each of these seeds when it 
is introduced into its alimentary tract under specified conditions. 

For wheat (1) and maize (1), we know furthermore that the 
maintenance requirement for protein must at least be doubled 
before growth can be approximately normal in the young. This 
is likewise true for milk proteins. Maintenance is secured over a 
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period of 5 or 6 months (9) on milk proteins to the extent of 3 
per cent and normal growth is first secured with 6 per cent of 
milk protein in the diet. On this plane of milk protein intake 
growth became retarded before the full adult size was attained. 
Such observations as these together with the early appearance 
of the signs. of old age in rats whose protein supply was just 
sufficient to enable them to complete their growth at the usual 
rate (10), lead us to the belief that a moderate excess of protein 
is necessary over the amount required to maintain nitrogen equi- 
librium during a long period, if the optimum well-being is to be 
attained. 

The diet employed by Goldberger (11) for the production of 
experimental pellagra in man consisted of dishes prepared from 
polished rice, patent flour, corn grits, pork fat, cornstarch, syrup, 
sweet potatoes, cabbage, collards, and turnip greens. The 
protein consumed was probably not far from 8 per cent of the 
food mixture or 30 per cent above the indispensable minimum 
on which a few exceptionally vigorous rats in middle life could 
live about one-third to one-half of their normal expectation of 
life, maintaining their weight over most of this period. Whether 
this constitutes a safe margin is of course an open question until 
actually tested experimentally. We shall offer definite evidence 
on this point in a subsequent paper. It is certain, however, 
that the protein content of Goldberger’s diet, derived almost 
wholly from seeds, is too low to support normal growth, and is 
close to the point where the resistance powers of the adult will 
be decreased. 

A point deserving of special comment is brought out by the 
records of Lot 987, Chart 8. These animals were confined to a 
diet which contained but 4 per cent of protein and derived all of 
its fat-soluble A from 33 per cent of millet seed. This amount 
of millet seed suffices, when combined with pure casein, a suitable 
salt mixture, and dextrin, to induce good growth and maintain 
normal health over a long period (5) (Chart 9, Rat 716). In 
other words it supplied a sufficient amount of both the dietary 
A and B to support physiological well-being. The remaining 
dietary factors were fairly satisfactorily constituted. Numerous 
young were produced but without the addition of more fat- 
soluble A none could be reared (9). 








354 Pellagra-Producing Diets. IIT 


In the case of Lot 987, however, the animals all became blind 
after 60 to 70 days of confinement to this diet. Xerophthalmia 
and blindness are the most striking visible symptoms resulting 
from a deficiency of the dietary factor fat-soluble A. We are, 
therefore, confronted with the paradoxical evidence that what is 
enough of this substance in one case is not enough in another. 
We have previously met with similar situations involving other 
components of the diet; e.g., protein (12, p. 112). The expla- 
nation of these results appears to be that there is in reality no 
quantity of protein, fat-soluble A, or other constituent of the diet 
which can be designated as the physiological minimum, without 
the biological values of every other dietary factor being also 
stated. The least amount of butter fat which will suffice to support 
growth when the diet is otherwise of good constitution, will not be 
adequate in another case in which the quality of one or another 
factor is of a low order. This idea should be kept clearly in mind 
in interpreting the etiology of pellagra, in cases where several dietary 
factors fall below the optimum. 

Liberal consumption, prompt digestion and absorption and 
prompt evacuation of undigested residues from the intestine 
before extensive absorption of products of bacterial decomposition 
of proteins can take place are the optimum conditions for the 
maintenance of vigor and the characteristics of youth. 
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Salt mixture 318. 
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K citrate, H.O 
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Ca lactate 


Salt mixture 185. 


NaCl 
MgSO, (anhydrous) 
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CaH,(PO,)..H,O 
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Ca lactate 





1.40 
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Salt mixture 308. 


NaCl 

K,»HPO, 
CaH,(PO,)s.H20. 
Fe citrate 

Ca lactate. . 


Salt mixture 500. 
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Ca lactate. . 
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.211 
256 
194 
994 


gm. 
5148 
2569 
3113 
5562 
78 
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Cuart 4. Judging from the work of Thomas (4) we had anticipated an 





unusually high value for the proteins of rice. The ration of Lot 712 which con- 
tained about 2.8 per cent of protein permitted rats to lose weight very rap- 
idly. According to Thomas rice proteins possess more than twice the bio- 
logical value of wheat proteins. We are convinced that the proteins of polished 
rice are of about the same quality as those of wheat and maize. 
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Cuart 11. Lot 1015 whose ration contained 8 per cent of flaxseed pro- 
tein just serves to maintain body weight. Charts 9, 10, and 11 all confirm the 
conclusion arrived at in experiments with growing swine, that the proteins 
of flaxseed are, when taken as the sole source of protein, of distinctly lower 
value than are those of wheat, maize, and oat kernels. (Compare Charts 
1, 2, 3, 4, and 7.) 
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THE USE OF SOY BEAN AS FOOD.*+ 
By THOMAS B. OSBORNE anp LAFAYETTE B. MENDEL. 


Witn THE CooPERATION OF Epna L. Ferry AND ALFRED J. WAKEMAN. 


(From the Laboratory of the Connecticut Agricultural Experiment Station 
and the Sheffield Laboratory of Physiological Chemistry in 
Yale University, New Haven.) 


(Received for publication, October 12, 1917.) 


The demand which the international shortage of food has 
created for cheaply produced and easily obtainable sources of all 
nutrients, and particularly of suitable proteins and fats, has 
directed attention anew to the possibilities of the soy bean. 
This leguminous seed which has long been employed in the dietary 
of many inhabitants of the Far East has hitherto found appli- 
cation in this country almost solely as a suitable food for diabetics. 
Its use in this special application is attributable to the fact that, 
in contrast with other leguminous seeds, the soy bean contains 
traces only of starch and comparatively small quantities of those 
carbohydrates which are available to the human organism. Be- 
sides its introduction into diabetic cookery, the soy bean has 
been recommended occasionally for use in infant feeding. The 
employment of the soy bean for silage and as a hay crop in agri- 
culture is better known. Owing to the richness of the bean in 
oil, the latter is extensively expressed for commercial uses, the 
press cake thereby becoming available as a fertilizer or latterly 
as a food product. 

The results of an extensive investigation? of the range of proxi- 
mate composition of many varieties of soy beans grown in this 
country are given in the table; likewise analyses of seven commer- 


* The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Wash- 
ington, D. C. 

+ A preliminary account has been published in Proc. Soc. Exp. Biol. and 
Med., 1917, xiv, 174. 

1-Ruhrih, J., Arch. Pediat., 1909, xxvi, 496; J. Am. Med. Assn., 1910, liv, 
1664; Arch. Pediat., 1911, xxviii, 841; Am. J. Med. Sc., 1915, el, 502. 

2 Street, J. P., and Bailey, E. M., J. Ind. and Eng. Chem., 1915, vii, 853. 
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cial soy bean “‘flours”’ prepared from the unpressed beans. These 
flours contain more protein and fat and less of all the other in- 
gredients, owing presumably to the bolting to which they are 
subjected. 

Range of Composition of Soy Bean Products (Street and Bailey). 





Soy bean meal. Soy bean flour. 





Caleulated on | Calculated on | 


water-free basis./water-free basis. | As procured. 





| 


per cent per cent per cent 
36.8-45.5 43.3-+45.0 | 39.945. 
14.1-19.0 19.0-22.4 

” 26.2-32.9 


> to 
saa RES 
~I 


ome OO 





one BS & 
PT Pi iy 











Street and Bailey’ estimated the meal to contain on an average 
4.5 per cent of total sugars, 0.5 per cent starch, 3.1 per cent 
dextrin, 4.9 per cent pentosan, 4.9 per cent galactan, 3.3 per cent 
cellulose, 1.4 per cent organic acids, and 8.6 per cent waxes, 


color principles, ete. 

Recent studies in nutrition have shown the importance of 
supplementing our knowledge of the chemical composition of 
naturally occurring foods by a ‘‘physiological’”’ investigation of 
the availability and suitability of the groups of nutrients which 
they contain. This has already been emphasized, for example, 
in the case of corn, wheat, certain legumes, etc.* 


3 For the leguminous proteins see Osborne, T. B., and Mendel, L. B., Z. 
physiol. Chem., 1912, Ixxx, 21; J. Biol. Chem., 1914, xviii, 1; McCollum, E. 
V., Simmonds, N., and Pitz, W., J. Biol. Chem., 1917, xxix, 521. ; 

For the maize kernel see Osborne and Mendel, Carnegie Institution of 
Washington, Publication No. 166, pt. ii, 1911; Z. physiol. Chem., 1912, lxxx, 
21; J. Biol. Chem., 1912-13, xiii, 233; 1914, xvii, 325; xviii, 1, 95; 1916, 
xxv, 1; 1916, xxvi, 293; 1917, xxix, 69, 289. Hogan, A. G., ibid., 1916, xxvii, 
193; 1917, xxix, 485. McCollum, Simmonds, and Pitz, ‘bid., 1916-17, xxviii, 
153, 483. 

For the cotton seed see Osborne and Mendel, J. Biol. Chem., 1917, xxix, 
69, 289. Richardson, A. E., and Green, H. S., ibid., 1916, xxv, 307; 1917, 
xxx, 243; xxxi, 379. 

Many other illustrations have been summarized by McCollum, J. Am. 
Med. Assn., 1917, lxviii, 1379 (this discusses some of the underlying prin- 
ciples involved). See also Mendel, L. B., ibid., 1915, Ixiv, 1539. 
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Our recently published experiments in the study of the use of 
cotton seed as food,* as well as agricultural practice, show the 
danger of drawing conclusions as to the nutrient value of natural 
products on the basis of the customary chemical analysis alone; 
and they demonstrate the occasional possibility of converting an 
inappropriate food into a desirable one by a simple expedient;—by 
the application of heat, in the case of the cotton seed. 

In testing the nutritive possibilities of various soy bean prod- 
ucts we have employed white rats which were’fed according to 
the plan followed for many years in our earlier investigations. 
When the question of the suitability of the protein alone was 
involved the other ingredients of the diet were furnished in the 
form of “protein-free milk,’ starch, butter fat, and lard. That 
at least one of the proteins—glycinin'—of the soy bean can 
facilitate growth satisfactorily has already been indicated.’ Like- 
wise the suitability of the proteins of the soy bean as supplements 
to the corn proteins has been demonstrated.’ 

Experiments in which raw soy bean meal® was used as the source 
of protein in the diet indicated that in the preponderating number 
of cases the rats made comparatively little growth, despite the 
addition of the known essential ingredients other than protein. * 
On the basis of our experience with the cotton seed, we attempted 
to find some method of treating the beans which would render 
them as suitable for nutrition as the commercial soy bean “flour” 
which we had used. Extracting the meal with ether failed to 
increase its acceptability (see Rats 4096, 4094, Chart I, first 
period). In this respect the soy bean differs from the cotton 
seed. Heating the soy bean meal in an electric oven at 110°C. 
for 4 hours likewise failed to cause any considerable improvement 


Osborne and Mendel, J. Biol. Chem., 1917, xxix, 289. 

5 For the preparation and properties of glycinin see Osborne, T. B., and 
Campbell, G. F., J. Am. Chem. Soc., 1898, xx, 419. Osborne, T. B., Ergebn. ' 
Physiol., 1910, x, 47; and Abderhalden’s Handb. biochem. Arbeitsmethoden, 
1910, ii, 311. 

6 Osborne and Mendel, Z. physiol. Chem., 1912, Ixxx, 324, Curve 20. 

7 Osborne and Mendel, J. Biol. Chem., 1917, xxix, 69. 

8 The meal was prepared in the laboratory by grinding the entire bean 
in a Hobart electric mill. After putting the beans through the mill twice, 
the meal was sifted through a fine wire sieve and the bits of hull which would 
not pass through the mesh were thrown away. 
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in most cases (see Rats 4145, 4144, Chart I). Occasionally, 
when the animals would eat more freely of the dry-heated meal 
they grew fairly well (see Rats 4164, 4135, 4142, Chart I). When, 
on the. other hand, the meal was mixed with sufficient distilled 
water to make a thick mush, heated on the steam bath for 3 hours, 
and subsequently dried in a current of air at 80—90°, the result- 
ing product, fed as the sole source of protein in an otherwise 
suitable food, promoted growth at a normal rate (see all rats, 
Chart I; Rats 4148, 4160, 4162, 4149, Chart II; Rats 4156, 4137, 
4147, 4151, 4338, 4343, 4340, 4339, 4341, 4342, Chart III; Rats 
3925, 4181, 4184, 4199, Chart IV). -Similar results were obtained 
when commercial soy cake meal® was used as the source of protein 
(see Rats 4196, 4104, 4118, 4152, 4110, 4200, 4031, 4141, 4035, 
- 4039, 4335, 4336, 4333, 4337, Chart II; Rats 4076, 4071, 4080, 
4070, 4330, 4332, 4329, 4328, 4331, Chart III; Rats 4077, 4083, 
4081, 4072, Chart IV). We assume that this soy cake meal was 
prepared from residues obtained in the extraction of oil; and 
presumably heat was employed to facilitate this process as it is 
in the case of other oil-rich seeds, e.g., the cotton seed. It is 
stated that soy oil is produced at times in the cotton seed oil 
mills. 

The question then arose as to the cause of the variations in 
the apparent nutritive value of these different preparations. 
Evidently there is nothing toxic in the raw meal, for none of the 
rats which ate it died. The failure to grow was seemingly asso- 
ciated with a failure to eat the meal readily; for the few rats 
which ate liberal amounts of the food made satisfactory growth 
(see Rat 3925, Chart IV). It is probable, therefore, that cooking 
the meal made it somewhat more palatable than simply heating 
it, thereby inducing the rats to consume more of the food, with 
a resulting gain in weight. Cooking the meal changes its flavor 
very decidedly, giving it a taste similar to that of peanuts; whereas 
both the raw and the dry-heated meals have a disagreeable raw 
flavor. 

Incidentally we have studied growth upon diets prepared with 
soy bean flour sold for human consumption. The results ob- 
tained with the four brands investigated differed. With two 

* The soy cake meal used was obtained from the Cereo Company, Tappan, 
ee 
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preparations good growth was accomplished. With the other 
two the animals grew only slowly, as in our experiments with 
dry-heated soy bean meal foods; but when the commercial prod- 
ucts were cooked, good growth was obtained in accord with the 
experience with our own cooked soy bean meal. It seem: likely 
that the different results obtained with the commercial soy bean 
flours are due to unlike methods of heating in their preparation. 

A study of the alimentary utilization of the different products 
was also made to see if that factor would throw any light on the 
differences between them. Although there is no marked varia- 
tion between the utilization of the nitrogen of the raw meal and the 
cooked, such as was previously found to be the case with phaseolin, 
the protein of the kidney bean, nevertheless the nitrogen of the 
commercial soy cake and the cooked meal was utilized somewhat 
better than was the case with the raw and dry-heated meals. 
It is conceivable that the process employed in manufacturing the 
soy cake in the one case, and the method of cooking used in the 
other, tended to get the meal into a more finely divided condition 
than could be done by merely grinding the beans, and thus ren- 
dered the protein more accessible to the action of the digestive 
enzymes. 

Nitrogen Utilization. * 
per cent 


Raw soy bean meal'..... eas savdwasics OO GB.1-79.9) 
Heated soy bean meal. ae wesesees 02-8 (70.8-75.8) 
Cooked “ - “s 32.0 (80.3-84.3) 


Commercial soy ¢ ake x me ‘al 82.2 (81.1-83.6) 
* These figures represent the average results for three or four rats taken 
over a period of 3 weeks. 


These utilization figures correspond very well with those ob- 
tained by Mendel and Fine’® for both men and dogs. With the 
cooked beans they found that men utilized about 85 per cent of 
the nitrogen and dogs 75 to 88 per cent. Oshima" states that 
the digéstibility of the protein of various Japanese soy bean 
products is 79 to 93 per cent. 

Having demonstrated that the proteins of the soy bean, unlike 


10 Mendel, L. B., and Fine, M.S8., J. Biol. Chem., 1911-12, x, 433. 
" Oshima, K., U.S. Dept. Agric., Office of Experiment Stations, Bull. 159, 
1905. 
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those of the other leguminous seeds thus far investigated, are 
adequate for promoting normal growth, it was important to deter- 
mine to what extent the soy bean is capable of furnishing the 
essential vitamines and salts of the diet. On a ration consisting 
of soy cake meal or of cooked soy bean meal together with an 
artificial salt mixture,” starch, butter fat, and lard, rats have 
completed their normal growth, showing that the soy bean con- 
tains an adequate amount of the ‘‘water-solubie vitamine.”’ When 
lard entirely replaced the butter fat rats have grown normally 
for over 200 days without showing any symptoms of a nutritive 
decline. This is decidedly longer than the majority of our rats 
have grown on a diet without the addition of fat-soluble vitamine 
derived from special sources like butter fat. It seems, therefore, 
that the soy bean contains some of the essential fat-soluble 
vitamine. In harmony with this we have never observed any 
symptoms of eye disease which commonly are manifested by 
rats kept for some time without a suitable supply of the “fat- 
soluble vitamine.’’’ The only admixture besides lard to the 
soy bean meals in the diet of the animals represented on Chart 
IV was starch and inorganic salts. Other illustrations of rats 
which have grown on the soy bean meal-lard diets (with the 
addition of natural “ protein-free milk’’) are represented on Chart 
II, Rats 4152, 4110, 4141, 4039. It should be noted, however, 
that in general the growth of the animals on the soy bean-lard 


'2 The composition of the salt mixture used is as follows. 


" gm. 
CaCO; 3 Citric acid + H,0.... 111.1 
MgCoO; ; Fe citrate 14 H,0O..... 6.34 
NaeCl )s . . 0.020 
K.COs; od 0.079 
H;P0O, 3. vaF 0.248 
ROr...... 3. K2Ale(SO,4)2........... 0.0245 
NPR ERG enpiprarecs aie 


The chemicals used were analyzed and allowance was made for moisture, 
etc. The acids were mixed and the carbonates and ferric citrate added to 
them. The traces of KI, MnSO,, NaF, and K2Al.(SO,4)2 were added as 
solutions of known concentrations. The final resulting mixture was 
evaporated to dryness in a current of air at 90-100°C. and ground to a fine 
powder. 

13 Osborne and Mendel, J. Biol. Chem., 1913-14, xvi, 423; 1914, xvii, 401; 
1915, xx, 379. 
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diets has not been as satisfactory as in those cases in which butter 
fat was furnished in the ration (Chart III). Furthermore it 
appears as if the animals receiving along with the lard only the 
soy cake meal (from which much oil has been expressed) as the 
source of ‘‘fat-soluble vitamine”’ grew less satisfactorily than the 
rats on the whole soy bean meal-lard diets. Whether this is 
merely a coincidence or whether some of the ‘fat-soluble vita- 
mine” has been expressed with the oil, we are not yet able to 
decide. 

The majority of our rats kept on a diet consisting of cooked 
soy bean meal or of soy cake meal with the addition of starch, 
butter fat, and lard, but without added mineral ingredients, have 
failed to make any appreciable gain in weight. The addition 
to the food of 5 per cent of an artificial salt mixture, however, 
induced an immediate resumption of growth, thus proving that 
from the standpoint of a perfect mixture of nutrients the soy 
bean is deficient in its mineral constituents (see Chart V). An 
analysis of the ash of the meal and the soy cake used in our 
experiments gave the following results: 


Per cent of the air-dry material. Soy cake meal.| Soy bean meal. 
per cent per cent 
eS eee <— Eats 5.18 5.48 
Calcium.......... ee nner ee ee 0.34 0.18 
PROMRORIUM. ..........<..5. “ 0.27 0.30 


Potassium. . feet o 1.86 *2 06 


ee : queers 0.17 0.14 
Chlorine Sota wae wah ie ie 0.01 0.005 
Phosphorus. ... voy 0.60 | 0.82 


These figures show that the soy bean is relatively poor in 
calcium and chlorine, and suggest these as limiting factors. The 
addition of a small amount of calcium carbonate to a food in 
which the soy bean was the sole source of mineral constituents 
tended to stimulate growth to some extent, though not so effi- 
ciently as the addition of the more complex salt mixture mentioned 
above. During these experiments distilled water only was 
supplied to the rats. 

On diets containing either the soy bean meal or the commercial 
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soy cake meal, together with fats and ‘protein-free milk” or our 
“artificial”? salt mixture, several broods of vigorous young have 
been produced, and these young have grown normally on diets 
the same as those on which their parents were raised. This is a 
further demonstration of the nutritive efficiency of this legume, 
in striking contrast with the adverse results obtained with kidney 
beans and garden peas. 

So far as we are aware the soy bean is the only seed hitherto 
investigated, with the possible exception of flax and millet, 
which contains both the water-soluble and the fat-soluble uniden- 
tified dietary essentials or vitamines. This fact, taken with the 
high physiological value of the protein, lends a unique significance 
to the use of the soy bean as food.” 


4 McCollum, E. V., and Pitz, W., J. Biol. Chem., 1917, xxxi, 229. 

15 Since this paper went to press an article by Daniels, A. L., and 
Nichols, N. B., The nutritive value of the soy bean, appeared in J. Biol. 
Chem., 1917, xxxii, 91. 
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Cuart I. Showing the growth of rats on diets containing soy bean 
meal as the source of protein. The favorable effect of cooking the meal 


(period——) in contrast with dry-heated meal (period —- -—- -—) and 
particularly raw meal (period — --- - ) is shown. In the case of Rats 4096 
and 4094 the raw meal was extracted with ether (in the first period - ---- ) 


without improving the acceptability of the ration, in contrast with what 
happens in the case of the cotton seed meal (see Osborne and Mendel, J. 
Biol. Chem., 1917, xxix, 289). 

The composition of the diets is given below. 






























































Period - - - - - - Period | Period 
Rats , Rats. Rats 
4004 | 4095 | 3026 | 3929 4135 | 4138 | 4135 | 4142 | 4094 | 3926 | 4135 
4096 | 4097 | 3928 | 3931 | 4139 | 4144 | 4145 | 4144 | 4095 | 3928 | 4139 
4142 4164 | 4096 | 3929 | 4145 
4145 4097 | 3931 
| 4138 
4142 
| 4144 
|| | i 
Per cent. 
Raw soy bean meal.... 53 | 53 | 53 | 53 | 53 
“ “ “ ‘“ | 
extracted with ether.) 38 | 
Soy bean meal heated | | 
dry at 110°C......... = | 50 | 50 
Cooked soy bean meal. | 50 | 50 | 50 
‘Natural protein-free | = | 
Re 28 | 22) 25 
“Artificial protein-free | 
5 a | 22 | 22 | 
Salt mixture........... | | 5| 5 | 5} 5) 5] 5 
Starch. . Lecceeeef 2] [| [17/17] 20) 20] — | 20] 20 
Butter fat.............| 18 | 18 | 18 | 18 | 1g | 18 | 18 
| ar i 7) 7/25/25) 7) 25) 7) 7) 7) % 














*The “artificial protein-free milk’’ employed is described in J. Biol. 
Chem., 1913, xv, 317. The one marked ‘‘IV”’ was used. 
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Soy Bean 





Cuart II. Showing excellent growth of rats from an early period on 
diets containing soy bean meal (cooked) or soy cake meal (which has been 
heated during the commercial removal of the oil) as the source of protein 
in the diet. Several of the females were mated and gave birth to litters 
of normal young which throve on the same diet. Curves of growth for 
some of these .are reproduced at the right-hand side of the chart. 

The composition of the diets is given below. 





Rats Rats 
4148 4149 4031 4035 
4160 4162 4104 4118 

4196 4200 


4333 4335 
4336 4337 


per cent per cent per cent 
Soy bean meal (cooked) 50 
“cake “ ; wi. 1-8 
‘‘Protein-free milk’’.... sa 2: 28.0 28.0 
Starch......... Lie 10.5 10.5 
Butter fat oi § 18.0 | 
Lard.. 7 6.0 24.0 
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Cuart III. Showing growth and reproduction on diets containing 
cooked soy bean meal or soy cake meal, which has been heated during the 
commercial removal of the oil, as the sole source of protein and ‘‘water- 
soluble’ vitamine in the diet. Additional ‘fat-soluble’? vitamine was 
given in the form of butter fat in contrast to the experiments shown in 
Chart IV which had no butter fat in the diet. Several of the females were 
mated and gave birth to litters of normal young which throve on the same 
diet. Curves of growth for some of these are reproduced at the right-hand 
side of the chart. 

The composition of the diets is given below. 


| Rats 


4137 4147 4151 4071 4076 
4156 4338 4339 4328 4329 
4340 4341 4342 4331 4332 
4343 





per cent per cent 


Soy bean meal (cooked). og Et 

ae re aoe 37.5 
Salt mixture. ... rr | 4.5 
Starch..... 38.0 
Butter fat.....{..... 15.0 
eee | 5.0 
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Soy Bean 


‘CHartT IV. Showing growth on diets containing soy bean meal or soy 
cake meal as the sole source of protein and “‘ vitamines’’ in the diet. These 
experiments show that suitably prepared soy bean meals, supplemented by 
appropriate inorganic salts, furnish practically all of the essential nutri- 
ents. The experience with Rat 3925, which grew to considerable size on 
a diet containing the soy bean meal in its raw form shows that in contrast 
with cotton seed meal the product is not toxic, and can be utilizedasa 
nutrient, provided that it is eaten in suitable amounts. The ultimate 
failure of this rat to grow further on this raw meal diet was reversed when 
the meal was cooked. None of these animals received fat in any other 
form than that contained in the soy bean and in lard. The bean must 
therefore contain some ‘‘fat-soluble vitamine.’’ One gains the impression 
that the animals receiving the whole bean meal (including all of its oil) 
grew somewhat more satisfactorily than those receiving the soy cake meal 
(with much oil expressed) as the source of ‘‘fat-soluble vitamine.”’ 
Whether the quantity of the ‘fat-soluble vitamine’’ thus furnished is 
sufficient to permit all animals to complete their growth without additions 
from other sources remains to be determined. At any rate when butter 
fat is added somewhat better growth is uniformly obtained over longer 
periods (see Chart IIT). 

The composition of the diets is given below. 





| j 
| Period---- | Period ——— 


Rat 3925 Rats 


3925 = =4181 
4184 ©4199 





per cent per cent 

Soy bean meal (raw)............... 53 
” “a Ot VERRY, oo oka bat 50 
“ coke * 

NO in oo soins cane wba 
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CuHart V. 


Soy Bean 


Showing the prompt improvement in growth when a mixture 


of inorganic salts (see page 375) was added to the rations consisting of soy 


bean or soy cake meal, starch, and fat. 


which the added salts were fed is indicated by an arrow. 
The periods during which butter fat was fed are indicated by B; other- 


wise lard was used as the fat. 
cooked meal is shown in several instances. 


The beginning of the period during 


The contrast between the cooked and un- 
It is sometimes missing and 


never so conspicuous as on the previous charts, owing to the fact that the 
lack of adequate inorganic salts forms a limiting factor in growth which 
no amount of cooking of the meal can remedy. 

The diets had essentially the following composition: 





Without added salts. 


With added salts. 





Rats 


3924 3932 
4134 4140 
4143 4180 


| 
| 


Rats 


4068 4075 
4078 4082 


Rats 


3924 3932 
4134 4140 
4143 4180 


Rats 


4068 4075 
4078 4082 





Soy bean meal 
“ cake “ 
Starch 


Salt mixture..........| 





per cent 


50-53 


24-27 


23 





per cent 





per cent 


50 





per cent 


37.5 
38.0 
20.0 
4.5 
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STUDIES OF THE GASTRIC RESIDUUM. II. 
TOTAL PHOSPHORUS. 


By CHESTER C. FOWLER. 


(From the Laboratory of Physiological Chemistry, Department of Chemistry, 
Towa State College, Ames.) 


(Received for publication, October 22, 1917.) 


INTRODUCTION, 


Support of a modification of Maly’s (1) hypothesis concerning 
the formation of the hydrochloric acid of the gastric juice has 
recently been presented by Bergeim (2). He has suggested that 
the acid is produced through the decomposition of sodium chloride 
by acid calcium phosphate, which is obtained from cell nuclei by 
the action of phosphonuclease (present in nearly all tissues). 
Bergeim assumes that the gastric juice might be expected to 
contain small amounts of acid calcium phosphate, and that these 
amounts might be roughly proportional to the acidity. Of both 
of these assumptions he has claimed to have supporting data. 

It seemed to the writer to be desirable in this connection to make 
a complete study of phosphorus and its partition in the gastric 
residuum and to this end this study of total phosphorus has been 
undertaken. As far as we have been able to ascertain, no sys- 
tematic investigations of this nature have been pursued, nor have 
we been able to find such data on the pure gastric juice. In this 
laboratory (3) the total phosphorus content of a composite 
residuum, obtained fiom 70 men, has been determined and was 
found to be 12.16 mg. (P2O0;) per 100 ce. of the original residuum. 


Methods. 


52 samples of gastric residuums were procured from apparently 
normal women. These residuums were obtained by means of the 
Rehfuss gastroduodenal tube according to methods described 
elsewhere (4). The volumes of the samples were immediately 
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determined and the physical characteristics noted. The deter- 
minations, total acid, free acid, and pepsin were then made on 
each sample and the remaining portion was transferred to a 
Kjeldahl flask and its total phosphorus content determined. 
Portions were used for trypsin determinations in another 
investigation. 

The methods for total acid, free acid, and pepsin were those 
used by Rehfuss, Bergeim, and Hawk (5), except that pepsin 
was incubated 14 hours instead of 12. Total phosphorus was 
determined by destroying the organic matter by digestion with a 
mixture of sulfuric and nitric acids. The phosphorus was then 
precipitated as the phosphomolybdate, and finally the molybdic 
acid was titrated with standard alkali, according to the method 
first suggested by Pemberton (6). 
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- DATA AND DISCUSSION. 
1 TABLE L 
, Analytical Results on Gastric Residuums. 
| ; a , | Pepsin, seuase 
Sample No. Volume. P2Os, per 100 aa pan tes pda pt pee lg "root. of ‘the 
| onginal. original. | original. — 
; | ce mg ce. | ce. 
22 49 13.20 8.7 | Trace, 3.5 
. 4 | 66 13.82 19.5 | 3.9 4.0 
2 | 65 12.16 43.7 | 15.1 4.8 
28 35 | (17.15 | 1.0 | oOo | 30 
31 40 11.26 3.3 | 9.0 | 3.5 
32 32 6.60 | 4.1 | 7.6 | 4.3 
33} 6 679] 0 852 | 489 | 94 | 8 
34 | 39 648 | 3.3 | U4 | 3.0 
35 41 14.35 | 19.2 5.3 | 3.5 
67 61 26.58 | 9.9 3.0 | 3.0 
69 4 15.62 | 36.0 23.4 2.1 
7 71 12.99 | 75.0 48.0 | 4.0 
73 53 14.5 | 4.0 | Trace, | 2.4 
74 | 86 20.24 | 43.3 33.0 | 2.5 . 
76 35 | 15.08 | 38.5 | 19.5. | 4.1 
7 i @ | 44 1 @e 41.0 | 41 
3s | 8s | 820 | 88 | 80 | 40 
80 | 108 |; 10.17 | 590 | 42.2 3.8 
81 | 5 | 14.30 | 266 | ~ 100 4.9 q 
2 | 23 | au | 45 | 300 6.7 
83 | 23 «| = 30.08 | 7.8 | Trace, 4.4 
84 19 11.23 | 38.7 221 | 5.1 
8 | 1 24.20 | . aoe ee 
: 8 | 30 i.e a a ie 
| 87 | S| Oy “ae 1 - ay 1 2.5 
| 8 | 33 | 18.28 | 986.0 74.5 3.0 
| so | 28 | ) oe |) a oe 2.3 
9 | % | 15.37 | 48.9 | 34.6 3.0 
91 31 17.17 | 12.0 | 2.0 2.0 
. 92 31 20.57 | 32.0 18.0 | 4.0 
H 93 | 21 24.96 | 14.0 | 3.0 | 2.7 
. 94 131 21.75 | 26.1 8.2 | 3.0 
95 86 15.21 | 43.9 | 33.3 | 5.0 
96 49 16.22 | 51.5 | 35.0 | 4.5 
97 38 4.28 | 330 | 1.5 | 5.3 
98 36 9.44 | 5.0 | oat 2.0 
99 34 . oe) oe | 2.4 
100 | 38 me.-|. m2 | 3.0 > a 
101 | 283 | 1.43 | 23 | 11.0 3.1 
102 | 68 5 | 3.2 3.3 





17.34 | 13 
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TABLE I—Concluded. 





| Pepsin, square 
root of the 
concentra- 

tion. 


‘Total ucid, 0.1 x} Free acid, 0.1 N 
‘| acid per 100 ce. | acid per 100 ce. 
| original. original. 


Sample No. ‘olume. | P# ped de - 


ec. mg. 


| 


ee ae Se 
| 


105 50 26.87 

106 58 15.31 

109 56 17.2 

111 56 15. 

112 54 17.56 

113 79 11.7 

114 64 13.36 

115 30 16 

116 74 | 13.41 

117 | 50 11.24 55 50. 
118 61 12.87 12 1] 
119 26 17.40 36.5 | 26. § 
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Several of the subjects of this investigation presented themselves 
twice for examination. These are represented in Table I as 
follows: Subject E. B., Samples 99 and 118; Subject M. N., 
Samples 35 and 89; Subject M. B., Samples 33 and 78; Subject 
EK. M., Samples 24 and 109; Subject Z. Z., Samples 25 and 28; 
Subject J. R., Samples 97 and 116; Subject M. J., Samples 67 
and 94; Subject L. S., Samples 98 and 106; and Subject M. E., 
Samples 34 and 91. Of these nine subjects it will be seen from the 
table that the first seven show a remarkably constant value for the 
P.O; content of their respective residuums notwithstanding the 
fact that those residuums were collected at widely different times. 
The other two do not show this constancy. 


SUMMARY. 


1. Total phosphorus seems to bear no relation to total acid, 
free acid, pepsin, or volume. 

2. The minimum P.O; content was 6.48 mg. per 100 ec. and 
the maximum was 30.03 mg. 

3. About 58 per cent of the samples fell within the range 
P.O; equivalent to 12 to 18 mg., while about 21 per cent lay above 
and 21 per cent below these values. 

4. A tendency toward a constant P.O; content was shown in 
individuals who were examined more than once. 
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5. The average P.O; content was 15.66 mg. In a previous 
investigation made upon a composite residuum sample, obtained 
from 70 men, a value of 12.16 mg. of P.O; per 100 cc. of residuum 
was obtained. 
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STUDIES ON ENZYME ACTION. 


XVI. THE FORMATION OF ESTER-HYDROLYZING SUBSTANCES 
BY THE ACTION OF ALKALI ON PROTEINS. 


By FLORENCE HULTON-FRANKEL. 


(From the Harriman Research Laboratory, The Roosevelt Hospital, 
New York.) 


(Received for publication, August 11, 1917.) 


An extended series of studies on enzyme action that is being 
carried on in this laboratory has brought to light the fact that 
some proteins when treated with alkali acquire ester-hydrolyzing 4 
properties (Falk, 1916, 1917). The present investigation was 
undertaken to determine whether the activity of these ester- 
hydrolyzing substances follows the general laws of enzyme action, 
and to what extent they are specific in their action. 

The proteins used in this investigation were casein (Kahlbaum’s 
according to Hammersten), gelatin, and dried egg albumen, the 
latter two being commercial products. The esters used were of a 
high order of purity and were in most cases redistilled after drying 
over sodium carbonate. 


Influence of Concentration of Alkali Used and Duration of Action. 


Experiments with Casein.—2 gm. portions of the protein were 
treated with 25 cc. of alkali of varying concentration (5 to 0.1 N), 
thoroughly shaken, and toluene was added and allowed to stand 
for 24 hours. The mixtures were then turbid yellowish brown 
solutions. They were either neutralized with n HCl after 
dilution or dialyzed in collodion bags against running water. 
When the solutions were directly neutralized about 500 cc. of 
water were first added and then enough n HCl was added to bring 
the H ion concentration to 10-° N, the indicator method (Clark 
and Lubs, 1917) being used to define this point. When the 
alkali was removed by dialysis very little acid was necessary 
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to adjust the solution to the H ion concentration desired. The 
final volume of the solution in all cases was 500 cc. A small 
amount of the protein solution was used in adjusting the H ion 
concentration before the final dilution was made, but the amount 
so used was negligible. To test the activity of the preparations 
50 cc. of the solution were incubated for 24 hours with 1 cc. of 
ethyl butyrate and 0.5 cc. of glyceryl triacetate respectively, 
these amounts of ester providing a large excess of substrate. All 
experiments were run in duplicate and suitable controls for ester 
and casein preparations carried out. Toluene was used as a 
preservative in all cases where a preservative was used. It was 
found by bacteriological controls that no bacterial action took 
place in any of the alkaline protein solutions, even when no pre- 
servative was used. The solutions after incubation were titrated 
with 0.1 n alkali using phenolphthalein as an indicator. To the 
neutralized solutions 10 cc. of neutralized 40 per cent formalde- 
hyde were added and the solution was again titrated to a faint 
pink with phenolphthalein. All results as given are averages of 
closely agreeing duplicates, after all corrections for blanks were 
made. 

In the following tables are included experiments made to deter- 
mine the influence of varying the time during which the casein 
stood in contact with the alkali, all results being expressed in cc. 
of 0.1 n alkali. The table shows clearly that 3 N alkali gives a 
product of maximum activity under the given conditions and 
thereafter in other experiments this concentration of alkali was 
used. Another fact that is clearly brought out is that the lipo- 
lytic activity of the preparations does not bear any simple nu- 
merical relation to the formol titration although the action and 
the formol titration vary in the same direction. 

The figures in those experiments in which the alkaline casein 
solution was dialyzed showed that to a great extent the lipo- 
lytically active substance is dialyzable or destroyed in the process 
of dialysis. However, it does not seem likely that the lipolytic 
action is due entirely to the simple hydrolysis products of casein, 
as these would probably have dialyzed out completely in less 
than 48 hours, while there is slight lipolytic activity in the bag 
contents even after 48 hours’ dialysis when more dilute alkali 
was used, 
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The ester-hydrolyzing action of the casein did not seem to be 
affected by the length of time that the alkali stood in contact 
with it. The formol titration becomes greater with longer time 
of standing, while the activity is as great at times in the case where 
the solution was neutralized directly as when the solution stood 
for 72 hours. 

Experiments with Gelatin.—In the experiments where gelatin 
was used as the protein, the conditions were almost the same as in 
the experiments on casein. In the case of this protein the con- 
centrations of alkali used were more limited in range since with 
dilute alkali the gelatin swelled but did not go into solution. The 
results for the direct titrations in the experiments to test the 
activity of the product are not very reliable since it was very 
difficult to define the end-point. The activity of the preparations 
is calculated entirely from the total titrations. No experiments 
in which the gelatin solutions were freed from alkali by dialysis 
are included in the table, for it was found that when gelatin was 
allowed to stand with alkali for 24 hours and then dialyzed against 
running water for 6 hours the bag contents were no longer active 
as ester-hydrolyzing catalysts. 

Only a few experiments were carried out with concentrations 
of alkali other than 3 N, as this strength of alkali gave a product 
whose activity was as great as when higher concentrations were 
employed. In determining the influence of the time of standing 
3 .N alkali was used throughout. In the case of gelatin in con- 
trast to casein the activity of the product increased with time of 
standing The apparent discrepancies are possibly due to the 
influence of temperature as the room temperature varied quite 
considerably in the different experiments. This will be discussed 
in more detail below. While not very accurate, owing to the 
difficulty of defining the end-point in the direct titration, the 
formol titrations in this series of experiments indicate that 
cleavage of the gelatin with alkali is more rapid and extensive 
than with casein. 

Experiments with Egg Albwmen.—The conditions in these 
experiments were the same as under casein and gelatin. Alkali 
in strengths of 5 n to 0.5 N was used. 3 alkali was used in the 
experiments in which the effect of time was studied. As only 
small activities were noted after 24 hours’ contact with the alkali 
no experiments of shorter duration were carried out. 





Lipolytically Active Proteins 


TABLE I. 
Hydrolytic Action of Protein Treated with Alkali. 





Actions. 





Concentra- | : 4 Formol 
tion of Time of standing. | titration. 


| 
Ethy] butyrate. Triacetin. 
NaOH. 0.1 N alkali. | 


! 
O1N alkali. | 0.1N alkali. 








Casein. 





~] 
~ 
ime 


hrs. ce. 


24 neutralized. 1.70 
72 dialyzed. 0.05 
72 neutralized. | .92 
0 ag 47 
48 dialyzed. .23 
72 " 05 
72 neutralized. 385 
24 = .90 
24 dialyzed. 50 
24 neutralized. 1.55 
48 dialyzed. 0.05 
72 . | 0.05 
72 neutralized. 2.00 
“ 0.50 
24 - 1.05 
48 dialyzed. 0.17 
72 ““ 
0 neutralized. 
24 ” 
48 dialyzed. 


mre ‘“ 
72 


72 neutralized. 
24 “ 

8 dialyzed. 
< “ 37 
2 neutralized. 65 
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Gelatin. 





0.30 
0.10 
0.35 
0.40 
—0.05 
0.00 


neutralized. 


“ 


NNN 











| 
| 
| 
| 
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TABLE 1.—Concluded. 





| 


| Actions. 
| | 
Concentra- | | Formol 
| 


tion of Time of standing. titration. Ethyl! butyrate. Triacetin. 
NaOH. fi “ * sees ae Ae a 

| ; 
| 0.1. alkali. | | 0.1 N alkali. | 





Egg albumen. 





ce. 
0.45 
0.47 


| 
neutralized. 
| . . * 
| 25 0.75 


“ 


0.43 8 0.88 

0.30 8 0.40 
| 80 | 0.10 0.20 
| 0.05 | 6 | 0.20 








Egg albumen as a whole gave products of smaller activity than 
casein or gelatin. The activity of the material as with casein 
was not very markedly influenced by the time of standing with 
alkali. 

For purposes of comparison a series of experiments was carried 
out in which a number of proteins were treated with 3 N alkali 
under the same conditions as obtained in the experiments de- 
scribed above. The proteins were allowed to stand in contact with 
the alkali at room temperature for 24 hours. In all cases solution 
of the protein (2 gm.) in the alkali (25 ec.) was complete. The 
solutions were diluted and treated as in the case of casein, egg 
albumen, and gelatin. . The actions as before are expressed in cc. 
of 0.1 N alkali required to neutralize the acid produced by the 
hydrolysis of the esters, suitable corrections having been intro- 
duced for all blanks. 

It will be observed from Table II that with all the proteins 
tried lipolytic activity may be induced by treatment of the sub- 
stances with alkali. The activity of the various preparations is 
uniformly greater on triacetin than on ethyl butyrate. The 
comparatively high actions on ethyl butyrate noted in the case 
of zein and lactalbumin are striking, since with most of the ester- 
hydrolyzing substances studied the action on this ester is com- 
paratively low. 
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TABLE II. 
Hydrolytic Action of Various Proteins after Treatment with Alkali. 





Actions. 
. Formol 
Protein. titration. 
0.1.N alkali. (Ethyl butyrate.| Triacetin. 
0.1 N alkali. 0.1 alkali. 








cc, 
0.81 
0.80 
0.47 
1.12 
0.80 
0.88 
0.70 
0.63 
0.92 

.00 


2 
° 


— 
. ix] 
s* 


No a ede Peete biaact 
Egg albumen 

Castor bean globulin 

Phaseolin 

Edestin 

Ovitellin 

Egg globulin. .... 

Pseudoglobulin 

Euglobulin 

Soy bean globulin 

ee ogee 
soe cccin = pale ss ehh awa as 
Lactalbumin.................. 


HSYSSSenssee| 
aAanSBEARSS 


ooossoosssssosss 
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nN 
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The Influence of the Hydrogen Ion Concentration on the Activity of 
Alkali-Treated Proteins. 


In drawing the analogy between the ester-hydrolyzing sub- 
stances prepared by the treatment of protein with alkali and 
lipolytic enzymes, it seemed desirable to determine whether or 
not a definite H ion optimum for the activity of the substances 
exists. To this end a series of experiments was set up as before. 

Table III shows that the lipolytically active substances pre- 
pared from casein and gelatin exhibit their activity in alkaline 
solution, almost no action being noted at 10-* and 10-7 n while 
there is fair action at 10~* N increasing with the alkalinity. In 
the case of egg albumen the action at 10-8 is very small, while 
a greater activity is exhibited at 10-® n and does not seem to 
increase at 107! N. 
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TABLE III. 
Hydrogen Ion Optimum for Ester Hydrolysis. 


















































pH Casein. Gelatin. | Egg albumen. 
— 
incuba- | " 
tion. pai. Triacetin. wae Triacetin. a. a Triacetin. 
10- AN 0.1N 0.1N 0.1N 0.1N 0.1N 
: alkali. alkali. i. alkali. alkali. 
ce. pH* cc. pH* cc. pH* ce. pH* ce. pH* ce. pH* 
6 0.22 6 | 0.36 6 | 0.05 6 | 0.10 6 | 0.05 6 | 0.15 6 
7 0.10 6 | 0.40 6 | 0.00 7 | 0.10 7 | 0.00 7 | 0.00 6 
8 0.23 7 | 0.74 6 | 0.05 8 | 0.70 7 | 0.05 7 | 0.35 6 
9 0.28 8 | 0.95 7 | 0.20 8 | 1.40 7} 0.13 7 | 0.83 6 
10 1.00 8 | 1.38 7 | 0.95 8 2.80 7 | 0.30 7 | 0.80 6 




















* After incubation. 


Influence of Temperature of Standing on the Action of Alkali on 
Protein. 


The temperature at which the alkali stood in contact with the 
protein seemed to exert a much greater influence than did the 
time of standing. 

The difference in temperature at which the alkali acted on the 
protein seemed to make little difference at the lower temperatures 
in the case of casein, as that which had stood in the ice box 
gave as much action as that which had stood at room tempera- 
ture, giving practically no action in the case of ethyl butyrate, 
in either case. The action in the case of gelatin was practically 
nil for both ethyl butyrate and triacetin where the solution stood 
in the ice box. The action increased in the casein solution with 
the temperature of standing while in the case of gelatin at 80°C. 
the gelatin seemed to dry to a hard mass which did not dissolve 
readily and the solution was not as active as at 37.5°C. where the 
gelatin did not dry. 

If the ester-hydrolyzing properties are due merely to the 
hydrolysis products of the protein used, then if acid is allowed to 
act on protein in the same way as alkali, there should be formed an 
ester-splitting substance. To test the validity of this assumption 
2 gm. portions of casein and gelatin were allowed to stand in 
contact with 25 cc. N HCl for 24 hours. They were then diluted 
with 500 cc. of distilled water, neutralized with n NaOH, the H 
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ion concentration was adjusted to 10-8 n, and 50 ce. portions were 
incubated with ethyl butyrate and triacetin. The titrations 
corrected for all blanks appear in Table IV contrasted with those 
obtained with n NaOH under the same conditions. 


TABLE IV. 
Action Obtained with Solutions Prepared by the Action of HCl on Casein 
and Gelatin. 





Casein. | Gelatin. 


| 
| Sis 
| 





Ethyl butyrate. | Triacetin. [Ethyl butyrate. | Triacetin. 
| | 





| r | 
|. |Formol| | —_—| Formol Formol |Formol 
|Action. | titra- jAction.| titra- |Action.| titra- |Action. | titra- 


| tion. tion. tion. | tion. 





0.1 N alkali. 0.1 N alkali. 0.1. alkali. 





| 0.1 alkali. 


| ec. | ee. ce. | ce. ce. 


; 
| 














} } 

n HCl.... ).20 | 0.60 | 0.20 | 0.60 | 0.05 . ° 
} lL! | 
| | 


N NaQOH...... ).15 0.50 | 0.61 | 0.50 | 0.00 . 9 





*Formol titrations could not be determined on account of poor end- 
point of direct titration. 


It would seem as if some factor other than mere hydrolysis 
must be taken into account as causing the formation of the lipolyt- 
ically active substance, as much greater action was obtained with 
weaker alkali than was obtained with the n HCl. 


Lipolytic Activity of a Papain Digestion Mixture of Casein. 


To test further whether or not hydrolysis products were re- 
sponsible for the action of the alkaline protein solutions, casein 
was digested with papain and the resulting solution was incubated 
with ethyl butyrate and triacetin. 5 gm. of casein were placed 
in a flask with 125 mg. of Merck’s papain and 120 ce. of distilled 
water were added, some toluene was added, and the flask incu- 
bated for 1 week. A control was set up at the same time con- 
taining 125 mg. of papain in 120 ce. of distilled water with toluene 
and the whole incubated for 1 week. At the end of the week two- 
fifths of the contents of the flask, equivalent to 2 gm. of casein, 
were diluted to 500 cc. and neutralized, and the H ion concentra- 
tion was adjusted to 10-* n and 50 ce. portions were incubated with 
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ethyl butyrate and triacetin. The control was treated in the same 
way. Bacterial cultures were made from both digestion mixtures, 
giving negative results. The results corrected for all blanks were 
as follows: 











Ethyl butyrate. Triacetin. , 
0.15 0.35 Formol titration, 1.50 







The actions were so small as to come within the error of the 
method, so that it would seem that hydrolysis alone is not the de- 
termining factor in producing a lipolytically active solution. 
The formol titration of the papain solutions acting on the casein 
was much greater than that of some of the alkaline solutions ° 
where marked action was obtained. 









The Effect of Boiling on the Lipolytically Active Substance. 









The question of inactivation arose in connection with the 
lipolytically active substance produced when a protein was 
treated with alkali. Several attempts were made to inactivate 
the solutions by boiling. 2 gm. portions of the several proteins 
were treated with 25 cc. of 3 N alkali and allowed to stand 24 
hours. The solutions were then diluted to 500 cc. and the H 
ion concentrations adjusted to 10-8 nN and 50 cc. portions incu- 
bated with ethyl butyrate and triacetin. The results are re- 
corded below in ce. of 0.1 N NaOH, corrected for all blanks. 
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TABLE V. 













































































Influence of Boiling on Alkaline Solution of Casein, Gelatin, and Egg 
Albumen. ; 
Casein. Gelatin. | Egg albumen. 
—_— | = 
. | Ethyl eg a" erage: aera ewer 
Time. butyrate. | Triacetin. | uutevate. Triacetin. butyrate. Triacetin. 
0.1% | 0.1.8 o1n! | O1N 0.1N | O16 
alkali. alkali. alkali. | alkali. alkali. | alkali 
min. ce. pH* ce. pH* ce. pH* ce. pH* ce. pH* cc. pli* 
5 |0.25| 8!0.40| 6 
15 |0.15|} 8| 0.50} 7/0.15| 8|0.95| 7 
20 0.35] 8] 1.35] 7 | 
25 0.08 7| 0.78; 6 
60 0.15 7 | 0.80 6 | 





























* After incubation. 
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While the formol titrations remained the same as in the control 
solutions that were not boiled, the activity of the solution in the 
case of casein seemed to be somewhat less than usual, but it was 
not possible to destroy the active principle even when the 
solution was boiled 60 minutes. In the case of the gelatin and 
egg albumen the action was not at all affected by the boiling. 
The apparent increase in action in the case where the gelatin 
was boiled for the longest interval may be partially due to the 
fact that the alkali stood in contact with the gelatin at a slightly 
higher temperature in the second instance. It is obvious that 
the ordinary methods for inactivation of enzymes could not be 
used here as acid would only neutralize the alkali used in the 
beginning, and alkali cannot inactivate it as alkali is responsible 
for the action. Hamlin (1913), Falk and Nelson (1912), and Falk 
(1917) working with amino-acids, castor bean lipase, dipeptides, 
and ethyl imidobenzoate, found that the lipolytic activities of 
different catalysts varied with different esters. For purposes of 
comparison with their data a series of experiments was carried 
out in which the activity of proteins treated with alkali on 
different esters was determined. 

6 gm. portions of the proteins were treated with 75 ce. of 3 
N NaOH and allowed to stand at room temperature for 24 hours. 
The solutions were then diluted to 1,500 cc. and the hydrogen ion 
concentrations adjusted with n HCl. In the case of egg albumen 
the H ion concentration was 10-° nN while with casein and gela- 
tin the solutions were brought to 10-* n. 50 ce. portions of the 
solutions were then incubated with 0.5 or 1.0 cc. of the various 
esters, a large excess of substrate being present in all cases. The 
results are expressed in ce. of 0.1 N alkali required to neutralize 
the acid formed per 0.01 gm. molecule of ester used. These results 
were comparable to those recorded by Falk. In the case of 
glyceryl triacetate a second calculation was made to express the 
amount of acid formed per 0.01 gm. equivalent of the ester. For 
purposes of comparison with the results of Falk, the esters are 
arranged in the descending order of the action of the ester- 
hydrolyzing substance on them. Glyceryl triacetate is listed 
twice, the first being for the calculation made per gm. molecule of 
the substance, while the second refers to that in which one equiva- 
lent is used as a basis of calculation. 
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Comparing the orders in which the various esters are hydrolyzed 
by the different ester-hydrolyzing substances described in the 
work of Falk with those reported here, marked differences are 
found. While the work of Falk shows that both ethyl imido- 
benzoate and glycylglycine exhibit almost the same selective 
activity in point of order towards different esters, the results 
with the alkali-treated proteins show that there are marked 
differences in the case of different proteins. It has been sug- 
gested by Falk that the action of the proteins treated with 
alkali is due to the presence of an enol-lactim structure. It is 
probably also true that the differences in activity noted with the 
different proteins is due to the presence of different groupings 
attached to the sides of the enol-lactim linkage. Such an ex- 
planation affords a chemical basis for the various specificities 
of enzymes for their substrata, the differences in activity being 
quantitative rather than qualitative in character. 

The time of incubation with the ester which was necessary 
for maximum action was 48 hours. 

In the case of casein where hydrolysis was brought about 
by digestion with papain, the solution possessed no activity, thus 
lending support to the view that the activity of the solution is 
not dependent upon products of hydrolysis alone. 

The action of the alkaline solutions of casein, gelatin, and 
egg albumen was tried on a number of different esters. Each 
solution showed an order of activity peculiar to that solution. 

It was not possible to inactivate the solutions by boiling. 

The following proteins when acted upon by alkali showed 
ester-hydrolyzing properties: 

Casein. Egg globulin. 
Gelatin. Pseudoglobulin. 
Egg albumen. Euglobulin. 
Castor bean globulin. Soy bean globulin. 
Zein. Soy bean glutelin. 
Phaseolin. Gliadin. 

Edestin. Lactalbumin. 
Ovitellin. 
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SUMMARY. 


Proteins when treated with alkali yield substances which 
have the power to accelerate hydrolysis of esters. The effect of 
the concentration of the alkali in producing these ester-hydro- 
Jyzing substances was studied, and for casein, gelatin, and egg 
albumen 3 N alkali seemed to produce solutions of highest 
activity. 

These solutions showed an optimum hydrogen ion concentra- 
tion for their activities. They all showed greater activity at a 
concentration of the hydrogen ion less than 10-7 N or they are 
more active in a slightly alkaline solution. 

The time and temperature at which the alkali stood in con- 
tact with the protein did not seem to make much difference in 
the activity of the solution except where the temperature was 
quite high (80°C.). 

When hydrolysis of the protein was accomplished by acid 
instead of alkali the solution did not possess ester-hydrolyzing 
properties. 
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THE VALUE OF THE YEAST VITAMINE FRACTION AS 
A SUPPLEMENT TO A RICE DIET. 


By A. D. EMMETT anv L. H. McKIM. 


(From the Research Laboratory of Parke, Davis and Company, Detroit.) 
(Received for publication, September 28, 1917.) 


In the present paper, the authors report the first of a series of 
investigations that has to deal more particularly with the efficiency 
of the vitamines from autolyzed brewer’s yeast, in respect to 
their value as an adjuvant to a diet that has been shown to be 
deficient in some particular vitanmrine. Thus, while it is known 
from the work of Chamberlain, Vedder, Funk, Suzuki, Eykmann, 
Williams, Seidell and others, that polished rice as the sole article 
of diet, in the case of pigeons and man, will produce typical 
polyneuritis and beri-beri, respectively, and that these dietary 
deficiency diseases can be treated effectively by giving a dose of 
the vitamine fraction from brewer’s yeast, 7t is also pertinent to 
know how effective a rational treatment wih this same vitamine 
will be as a therapeutic agent in convalescent subjects. Stating this 
in another way, using the same illustration, will the supplementing 
of the polished rice diet with the yeast vitamine (where pigeons 
have been cured of polyneuritis) not only prevent the recurrence 
of the disease, but will it bring about as full a recovery, measured 
by the gain in body weight, as a diet that is known to be complete 
in respect to the particular vitamines involved? 


Hopkins, Stepp, Funk and coworkers, Osborne and Mendel, McCollum 
and coworkers, Drummond (1), and others have given abundant evidence of 
the importance of accessories in the normal dietary. Funk (2) found when 
polished rice was supplemented with a crystalline vitamine prepared from 
yeast that it was a complete food in the sense that the diet not only pre- 
vented the onset of polyneuritis but brought about a gain in weight. These 
tests extended over only 29 days. He concluded that there was no justi- 
fication for the belief that there might be two vitamines,—one for curing 
polyneuritis, and one for maintaining weight. Funk, Lyle, and McCaskey 
(3) report a study where they endeavored to determine the nutritive value 
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of yeast, polished rice, and white bread from the standpoint of the influence 
of vitamines upon the metabolism of man. It was found that the value 
of dried yeast as a source of protein was not very good. The high content 
of the purines in the yeast caused a noticeable rise in uric acid in the blood, 
and showed definitely that yeast should not be used too freely as a sub- 
stitute for other foods. Further, when the vitamine- and purine-free 
diet was supplemented with a vitamine preparation, made by Seidell’s 
method (4), there seemed to have been no apparent effect produced on the 
nitrogen balance. The authors state that this may have been due to the 
shortness of the metabolism period or to the fact that the vitamine prep- 
aration was not sufficiently active. They found that a vitamine-free diet 
of white bread and polished rice required more nitrogen than a diet of whole 
wheat bread or potato to produce a positive nitrogen balance. 

In the particular case of polished rice, McCollum and Davis (1) have 
shown, in feeding young rats, that it is necessary for normal growth, to 
supplement the diet with both the water-soluble and fat-soluble acces- 
sories or vitamines, even though the protein, carbohydrate, and salts in the 
ration are liberal in amount. McCollum and Kennedy (5) report in their 
work on polyneuritis in pigeons that the water-soluble accessory is directly 
concerned in the prevention and cure of this disease and that the fat- 
soluble fraction is related to maintenance. 

Funk and Cooper both demonstrated that autolyzing yeast increased its 
value as a curative agent for polyneuritis. Seidell (6) has confirmed this 
more recently. Funk and Macallum (7) believe that autolyzed yeast 
contains at least two vitamines,—one which will cure polyneuritis and the 
other which will stimulate growth. They found that the addition of this 
yeast, along with butter fat, to a ration accelerated growth in rats; that 
when lard was introduced in place of butter fat no growth resulted if the 
yeast was dried, but if the yeast was moist, growth resulted, although to 
a lesser degree than with the butter fat; and it seemed that the growth- 
promoting substance in yeast was practically identical with the polyneuritic 
vitamine, except that it required more of the former to bring about growth 
than of the latter to produce a cure. 

Seidell fed pigeons a diet of polished rice and added to it an autolyzed yeast 
vitamine preparation, made in accordance with his method, using Lloyd’s 
anhydrous aluminum silicate as the adsorptive agent. He found with this 
supplement that normal pigeons when put upon this diet from the first 
showed no bad effects but in some cases they made slow but gradual gains 
in weight over a period of 60 days. Williams and Seidell (8) were able to 
separate a crystalline product from the Seidell yeast vitamine that con- 
tained an active principle. This material was curative, and in adminis- 
tering it to polyneuritic pigeons it brought about gains in weight on a 
polished rice diet. The gains amounted to about 80 per cent of the initial 
weight in tests covering 80 days. However, these gains took place during 
the first 25 to 30 days following the treatment, after which the weight 
remained practically constant. In one case, a polyneuritic pigeon regained 
its original weight in 30 days but an unusually large dose (50 mg.) of the 
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crystalline material was given. In another report, Seidell showed that 
the autolyzed yeast filtrate will stimulate an appreciable gain in weight in 
the case of a normal pigeon if given in sufficiently large amounts,—much 
more than that needed for curing pigeons of polyneuritis. He estimated 
that the diet of pigeons should contain a little less than 0.0033 per cent of 
vitamine. 

Funk (9) in considering the dietary factors in relation to growth states 
that’ while yeast promotes growth, the Seidell vitamine preparation from 
autolyzed yeast with Lloyd’s reagent was greatly deficient in the growth 
stimulant and has lost some of its antiscorbutic property. 


EXPERIMENTAL. 


The pigeons, with the exception of a few which were kept for 
normal controls, were put upon polished rice as the sole food, 
along with distilled water. At first, the birds on the polished 
rice were forcibly fed after they began to show a gradual loss of 
appetite. Later, this procedure was discontinued as it appeared 
in comparison with the pigeons which were not forcibly fed, that 
the additional labor involved was possibly not justified. We are 
not fully convinced, however, at this time, that this is true in all 
cases, inasmuch as the factor of inanition in some cases seemed to 
introduce complications which rendered some pigeons more 
susceptible to infection. 

When the pigeons came down with typical polyneuritis and 
reached the critical stage, they were treated with the Seidell 
autolyzed yeast vitamine. Special care was used to keep the 
birds, during this period of the disease and treatment, isolated 
in separate cages, as it was evident to us that absolute quiet was a 
factor which tended to hasten the recovery of the pigeons. For 
24 hours therefore after treatment, the pigeons were handled 
only when absolutely necessary, given water ad libitum, and only 
a very limited amount of feed. 

The diet, after the treatment, consisted of one of the following: 
polished rice with vitamine, shelled corn, brown or natural rice, 
brown rice with vitamine, barley, unhulled oats, and hulled 
oats. In general, one of these diets was fed until the pigeons 
seemed to cease to gain in weight, when another diet was sub- 
stituted for it. No attempt was made to adjust the mineral 
deficiencies in the different foods. 

Preparation of the Yeast Vitamine.—In general, the method of 
Seidell was followed in separating the vitamine from the autolyzed 
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brewer’s yeast filtrate. We introduced certain modifications 
relating to the removal of the liquor from the yeast, the drying 
of the yeast, the length of time of autolyzing, etc. 

Several forms of aluminum silicate were tested as to their 
absorptive power for vitamine, among them being infusorial 
earth; the trade products ‘‘filtercel,” and “‘celite B;”’ the usual 
form of fullers’ earth; and the special form of fullers’ earth, 
called Lloyd’s reagent. Lloyd’s reagent was taken as the stand- 
ard. The activated vitamine materials were made into tablets, 
a definite amount of lactose being added so as to provide the 
necessary excipient to give them the proper body. 

DISCUSSION. 

Effect of the Reagents in Producing Polyneuritis—In Chart 1 
four typical curves are shown representing the effect of feeding 
pigeons polished rice supplemented with one of the following 
reagents: Lloyd’s special fullers’ earth, ordinary fullers’ earth, 
and lactose. The results show conclusively that these reagents 
had no influence in retarding or hastening the onset of the poly- 
neuritic attack or in effecting the loss in weight. The difference 
in the length of time that was required to bring about the typical 
stage of polyneuritis was no greater than the variations in time 
that we have found with a large number of pigeons that we have 
fed. The time of the onset depends in part, it seems, upon the 
thriftiness of the pigeons at the start, the age, the temperature 
of the room, and whether the birds are forcibly fed or not. 

Comparative Value of the Lloyd’s Reagent and Fullers’ Earth 
Vitamine Preparations.—In Chart 2, Pigeons 18 and 23 represent 
two groups of birds that were fed polished rice alone. No. 23 
was treated for polyneuritis with the Lloyd’s reagent yeast vi- 
tamine (L.R.) and No. 18 with the fullers’ earth preparation (F.E.). 
The curves illustrate very clearly the comparative value of the 
two vitamine preparations, showing that they were apparently 
of equal strength, when given in the same amounts. A number 
of similar tests indicated definitely that one preparation was as 
good as the other and that both were as effective in the treatment 
of pigeons as the autolyzed yeast filtrate itself. 

After treatment, these respective birds were placed on the 
polished rice diet, supplemented with the same kind of vitamine 
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preparation that was used in bringing about the recovery from 
the attack of polyneuritis. Later, the pigeons were put on barley 
without vitamine, then on oats, and finally on hulled oats. 
Throughout this whole cycle, the two respective curves followed 
in almost the same direction. 

Influence of the Different Dietary Treatments on Polyneuritic 
Pigeons.—The effect of feeding the pigeons, after they were 
brought down to the typical and fulminating stage of polyneuritis 
and then treated with the vitamine preparation, is shown in 
Charts 3 and 4. | 

Other instances of the effect upon the weight curves of feeding 
pigeons polished rice along with the Seidell autolyzed yeast 
vitamine (F.E.), are shown in the case of Nos. 37 and 52, Chart 
1; and also, of Nos. 10 and 15, after their recovery from the second 
attack of polyneuritis, Chart 4. 

It was assumed that the quantity of yeast vitamine added in 
supplementing the rice diets ought not to be more than the 
amount used in the treatment for the typical attack of polyneuritis, 
since this amount was always as great as the quantity contained 
in an equal weight of brown or natural rice. It seemed to us 
that if a much larger amount of this particular vitamine was 
needed to bring about as good a recovery as could be obtained by 
feeding a diet of brown rice or other vitamine-containing grains, 
then we were dealing here with a vitamine preparation that was 
qualitatively different from that which was removed in the polishing 
of the rice, the difference being due either to the vitamine con- 
tained in the autolyzed yeast filtrate or to the alteration of this 
vitamine by the method which was used in separating it from the 
yeast filtrate. The amount used was equivalent to 0.03 to 0.06 
gm. of the Seidell vitamine per day. 

To summarize, after making allowance for the influence of 
confinement and environment upon the weight of the pigeons, 
the effect of the dietary treatments, after recovery from a typical 
attack of polyneuritis, was as follows: 

(a) Polished rice plus the autolyzed yeast vitamine of Seidell 
prevented a recurrence of polyneuritis, and brought about a 
partial gain in weight, which after 75 to 90 days from date of 
recovery began to decrease and then came to a more or less 
constant level. The birds were active and thrifty throughout. 
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(b) Brown rice, as the sole diet, brought about very good gains. 
In some cases the pigeons not only recovered all that they lost 
in coming down with polyneuritis, but went beyond their initial 
weight at the time of being put in the cage. It is barely possible, 
although doubtful in the light of our present knowledge, that 
some of the differences between the effect of this diet and the 
preceding one (a) may have been due in part to the removal of 
phosphorus in the polishing of the rice. This point is being 
studied. 

(c) Brown rice plus the yeast vitamine produced the best gains 
of any diet tried. The yeast vitamine acted as a stimulant here, 
even though there was an ample amount of vitamine in the brown 
rice alone to produce normal gains. 

(d) Shelled corn was an efficient diet, producing gains that were 
greater than those obtained with the polished rice plus the vi- 
tamine, but less than those with the brown rice alone. 

(e) Barley brought about fair gains, better than the polished 
rice plus vitamine, but its effect was soon lost, the pigeons declining 
rapidly in weight. 

(f) Unhulled oats proved to be unsatisfactory as a normal diet 
for pigeons. 

(g) Hulled oats were much better than the unhulled. 


CONCLUSIONS. 


From these studies, which have extended over a much longer 
period of time than any of those previously reported on this 
subject, it appears: 

1. That ordinary fullers’ earth, ground to a definite fineness, 
adsorbs the yeast vitamine fraction from the autolyzed yeast 
filtrate as readily as the special form of fullers’ earth, called 
Lloyd’s reagent. Further, the Kieselguhrs (infusorial earth, 
“celite B,”’ and “filtercel”) do not’ adsorb the yeast vitamine. 

2. That these two forms of activated fullers’ earth are equally 
potent and very efficient as therapeutic agents in the treatment for 
typical attacks of avian polyneuritis. 

3. That silicates in the form of ordinary fullers’ earth, Lloyd’s 
reagent, or infusorial earth, when added to a polished rice diet, 
do not inhibit or accelerate the onset of avian polyneuritis; 
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and that lactose, used in making the vitamine tablets, is also 
inert in this respect. 

4. That (a) the activated fullers’ earth when given as a rational 
supplement to a polished or a brown rice diet, acts as a partial 
stimulant to increase the weight of the treated polyneuritic 
pigeons; (b) it does not, however, in the case of the polished rice, 
accelerate the increase in weight to anything like that which is 
produced under similar conditions with brown rice alone, corn, 
barley, or hulled oats; and (c) comparatively speaking, this 
activated yeast vitamine is not a complete supplement to a 
polished rice diet. 

5. That there are apparently two so called vitamines associated 
with rice polishing, one which cures polyneuritis and one which 
produces weight, and of these two, the Seidell yeast vitamine 
preparation contains chiefly the curative fraction, along with a 
small per cent of the other. 

6. Finally, it is evident, that while this activated yeast vitamine 
product is a valuable adjuvant to the diet in the case of con- 
valescents from avian polyneuritis, yet, for the best results, the 
diet should, in addition, be made up in part at least of vitamine- 


containing foods, not for the purpose of preventing the recurrence 
of typical attacks of this dietary deficiency disease (for the prep- 
aration is able to do this) but with the object of bringing about 
normal gains in weight and complete recovery. 
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Cuart 1. The curves show that the supplementing of: the polished rice 
diet with lactose, or fullers’ earth, or the special form of fullers’ earth 
called Lloyd’s reagent, has no effect upon accelerating or retarding the 
onset of polyneuritis. After the 55th day, the curves for Pigeons 37 and 
52 illustrate the influence of feeding convalescent polyneuritic pigeons 
upon polished rice and yeast vitamine (Seidell). 
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Cuart 2. The two weight curves indicate how closely the vitamine 
preparations, made with the usual fullers’ earth and the special form, 
Lloyd’s reagent, compare as to their curative and therapeutic value. 
They also represent the comparative value of the rations of polished rice 
with vitamine, barley alone, oats alone, and hulled oats alone. 
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Cuart 3. These weight curves show first, the effect of confinement in 
the cage and environment over the first 55 to 80 days; second, the neutral 
effect of infusorial earth (Pigeon 1); third, the therapeutic value of yeast 
vitamine as a supplement to the diets,—polished rice alone, polished rice 
with yeast vitamine, brown or natural rice with yeast vitamine, compared 
with brown rice alone, corn alone, and barley alone. 
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Cuart 4. The curves show first, the typical decline in weight with a 
polished rice diet; second, the comparative nutritive value of brown or 
natural rice and corn when fed to pigeons after vitamine treatment for 
typical polyneuritis; and third, the therapeutic value of supplementing 
a vitamine-free diet (polished rice) with yeast vitamine compared with 
vitamine-containing foods, brown rice, corn, and barley. 
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ANIMAL CALORIMETRY. 


THE INTERRELATION BETWEEN DIET AND BODY CONDITION 
AND THE ENERGY PRODUCTION DURING 
MECHANICAL WORK.* 


THIRTEENTH PAPER. 


By R. J. ANDERSON{ anp GRAHAM LUSK. 


(From the Physiological Laboratory, Cornell University Medical College, 
New York City.) 
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INTRODUCTION. 


In the first and second editions of The Elements of the Science 
of Nutrition: a calculation was published which was based upon 
experimental work of Voit, accomplished in 1866, and which 
suggested that when a given quantity of mechanical work was pet- 
formed the height of the heat production was the same whether 
a man were fasting or had partaken liberally of a mixed diet. 


* A brief abstract of this work was published in the Proc. Nat. Acad. 
Sc., 1917, iii, 386. The conclusions there presented have been slightly 
modified. 

t Of the Chemical Laboratory of the New York Experiment Station, 
Geneva. 

1 Lusk, G., The Elements of the Science of Nutrition, Philadelphia, 
and London, 1906, 2nd’ edition, 1909; Ernihrung und Stoffwechsel, Wies- 
baden, translation of 2nd edition, 1910. 
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The problem was investigated by Rubner? in experiments 
upon a man weighing 61 to 63 kilos. The metabolism of the man 
at rest and without food was measured as being 1,976 calories and 
was only slightly greater, 2,023 calories, during a day character- 
ized by the ingestion of 600 gm. of sucrose dissolved in 3,000 gm. 
of water. When, however, mechanical work, amounting to the 
equivalent of 100,000 kilogrammeters, was accomplished during 
a day when this same quantity of sugar was taken, the metab- 
olism rose to 2,868, an increase of 845 calories. When a large 
amount of meat was given to the man on a resting day the heat 
production was 2,515 calories, an increase of 539 calories, caused 
by the specific dynamic action of the meat metabolized. When 
mechanical work equivalent to 100,000 kilogrammeters was exe- 
cuted on a day when meat was taken as above described, the me- 
tabolism rose to 3,370 calories, an increase due to work of 855 
calories above the level reached when meat was given on a rest- 
ing day. Rubner noted that mechanical work could be per- 
formed with much greater ease after cane sugar was given than 
after meat was given, and also that the amount of sweat produced 
was largely increased in the latter instance. 

These experiments indicated that there was a summation of the 
extra energy production due to the specific dynamic action of 
meat and the energy produced as the accompaniment of me- 
chanical work. 

The criticism may be made that 1,976 calories reported for 
the resting man without food is too high and was associated with 
considerable muscular movement. If the basal metabolism of the 
man were assumed to be 70 calories per hour—a high figure for 
his weight—he would have produced only 1,680 daily instead of 
1,976, as reported. This consideration would throw doubt 
upon the validity of the quantity of the increase in heat produc- 
tion after giving glucose, for example. 

Benedict and Murschhauser* also state that in man there is a 
summation of the two energy increments due respectively to 
work and food ingestion. 


* Rubner, M., Sitzuwngsber. preus. Akad. Wissensch., 1910, xvi, 316. 

* Benedict, F. G., and Murschhauser, H., Energy Transformations 
during Horizontal Walking, Carnegie Institution of Washington, Publica- 
tion 281, 1915, 91. 
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It seemed desirable to extend these experiments to the dog, 
an animal in which dietary control is more readily obtained than 
in the human being. 


Problems. 


The experiments deal with the influence of meat ingestion or 
glucose ingestion upon the heat production when a dog runs at 
the rate of about 3 miles an hour, and also the influence of fast- 
ing upon the quantity of energy required to do a given amount 
of mechanical work. Incidentally, the respiratory quotient ob- 
tained from the almost exclusive oxidation of body fat during 
exercise after long fasting was noted, and the influence of food 
given at the end of a fasting period was observed. 


Methods. 


A treadmill was constructed by Mr. J. A. Riche to fit within 
the calorimeter built by Williams‘ for this laboratory. The 
treadmill was operated by a motor outside the calorimeter. Each 
revolution of the wheel operating the treadmill represented a for- 
ward movement of the platform of 0.458 meter and every 1,000 
revolutions produced 0.5 calorie by friction in the box of the 
calorimeter, as was experimentally determined. The rate of 
revolution of the treadmill was very even from hour to hour. 
It was, however, impossible to determine the heat production by 
the treadmill when the dog was running upon it and, by the in- 
termittent application of his weight, adding to the friction of its 
parts. It was therefore impossible to compare the results of direct 
and indirect calorimetry. At no time did the dog show signs 
of fatigue or of thirst after the completion of the run on the 
treadmill. 

A factor which caused great annoyance was that the, dog (No. 
XV, a white bull-terrier, female), while running, would never 
hold her urine throughout an experiment. The figures given for 
the nitrogen elimination on the days when work was done are those 
obtained during periods of similar dietary conditions when the dog 
was quiet. Since it has been frequently shown that mechanical 
work is without influence upon protein metabolism, this factor 


‘ Williams, H. B., J. Biol. Chem., 1912, xii, 317. 
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424 Animal Calorimetry 


would involve little error, except that possibly mechanical work 
might have affected the rate of the absorption of protein through 
a more rapid circulation of blood in the gastrointestinal canal. A 
separate attempt to determine this relationship during the 4th 
and 5th hours after meat ingestion failed because the dog urinated 
every 3 to 5 minutes. This factor made the determinations of 
the water elimination valueless; hence it is impossible to give 
the percentile quantity of heat lost from the running dog through 
the evaporation of water. In spite of these limitations the results 
of the respiratory metabolism are clearly of significance. 

The composition of the ‘standard diet’”’ has been given else- 
where.’ Asa rule the dog ran in the calorimeter for 3 of an hour 
before the commencement of an observation. In certain in- 
stances a preliminary observation of the basal metabolism was 
made and then about 2 minutes after the close of the preliminary 
period the treadmill was started. This accounts for the lesser 
number of revolutions of the treadmill in certain first hours of the 
experiments with work. These hours were not included in the 
calculations. 


The Basal Metabolism. 


In a preliminary experimental first series the basal metabolism 
of the resting dog was found to be 17.5 calories per hour (Experi- 
ment 4, Table X). The basal metabolism is determined about 


TABLE I. 


Basal Metabolism. 


Experiment No. | Indirect calorimetry. 


cal, 

19.0 0.94 
7 0.95 
16.7 0.83 
18.6 0.77 
15.8 r 0.86 
15.5 0.80 
17.2 0.86 


5 A paper bearing upon this subiect is in course of preparation. 
6 Lusk, J. Biol. Chem., 1912-13, xiii, 185. 
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18 hours after administration of the standard diet when a dog 
is quietly resting in the calorimeter at a temperature of 26°. 

In the second series of experiments the basal metabolism was 
17.2 calories, as calculated from the average of the hours of 
experimentation in Table X, second series. 


Mechanical Work 18 Hours after Food Ingestion. 


The quota of heat production due to muscular activity was 
found by subtracting the basal metabolism of the dog from the 
metabolism determined while the dog was at work, the experiment 
being done about 18 hours after administration of the standard 
diet. Table II is arranged to show the data obtained, the re- 
sults being given in the order of increasing speed. 


TABLE II. 
The Influence of Mechanical Work 18 Hours after Food Ingestion. 


| Calories | y, , 

| Experi-| weigne| ai | | above | Work in 

Date ment Weight rect | R. Q. Work in distance ithe basal! _ —— 
No. _ | 0f dog. jealorim- traveled. jper 1,000 

oye | meters | 1 moter 

| | traveled.| ¥ 


cal. | | miles | meters | 
Jan. 5..... : | 60.5 | 2.48 | 3,925 | 
Feb. 28.... 67 | 4,300 
Mar. 13..... | 18 | 8.9 | 74.8 90 | 4,688 | 
sa | 4,717 
| 4,718 
| 4,806 | 
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Maximum variation = + 1.7 per cent. 


The analysis of Table II shows that the forward motion of this 
dog was accomplished at the expenditure of energy of metabolism 
equal to 0.580 kilogrammeter per kilo of body substance moved 
1 meter, and that this factor showed a variation of less than 2 
per cent although the weight of the dog varied 17 per cent and 
the rate traveled varied 20 per cent. 

The energy has been given in terms of kilogrammeters be- 
cause this form was used in many communications from Zuntz’s 
laboratory. 
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Thus, Frentzel and Reach’ report that it requires 0.501 kilogram- 
meter of energy to move | kilo of a dog weighing 26.9 kilos 1 meter hori- 
zontally when the dog was traveling at the rate of 4,714 meters per hour. 
Slowtzoff® states that a dog weighing 5.5 kilos required 1.14 kilogram- 
meters of energy to accomplish the same unit of work. These two ex- 
periments show no harmonious relationship with the value of 0.580 kilo- 
grammeter of energy obtained from Dog XV weighing 9 kilos. It is prob- 
able that the anatomical structure and muscular development of the 
dog bear some relation to its efficiency as a machine. 


When one considers the total metabolism in relation to the 
weight of the dog, it appears that it requires a lesser amount of 
energy to move the dog’s body horizontally when it is thin than 
when it is better nourished. This appears from arranging the 
data as in Table IIT. 


TABLE III. 





$$ —_—_—_——_—. ; 
7 : * tos Calories above the basal per 
Experiment No. Weight. 1,000 meters traveled. 


—— es | 








kg. 
8.0 11.0 
8.9 12.2 
9.0 12.2 
9.0 12. 

9.2 12.6 
9.4 12.6 











A gain of body weight of 15 per cent brought about a corre- 
sponding gain of 15 per cent in the energy requirement for 
moving the body horizontally. 


Mechanical Work after Glucose Ingestion. 


It has been shown that when 70 gm. of glucose are given to a 
dog the heat production rises about 30 per cent above the level 
of the basal metabolism and this continues during 4 hours after 
the ingestion of the material. In Dog XV the rise in metabolism 
after giving 70 gm. of glucose did not appear to be as great as 
usual, as is shown in Table IV. 


* Frentzel, J., and Reach, F., Arch. ges. Physiol., 1900-01, Ixxxili, 494. 
8 Slowtzoff, B., Arch. ges. Physiol., 1903, xev, 190. 
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TABLE Iv. 
Increases in Metabolism after Giving Glucose 70 Gm. 





Percentage 


‘ Experiment ei Indirect increase 
Date. No. Weight. calorimetry. R.Q above the 
basal. 


1917 ‘ ; . 

Mar. 1 9.: 9. 104 | +16 

a | 20 107 | +22 
| 











The total metabolism rose 2.7 and 3.7 calories above the 
basal as the result of giving 70 gm. of glucose in water warmed to 
the body temperature. 

When the dog was given glucose, 70 or 100 gm., and then caused 
to run on the treadmill during those hours in which the basal 
metabolism would have been increased by the glucose ingestion, 
the heat production was almost the same as when the animal 
ran the same distance 18 hours after food ingestion. 

These relations are set forth in Table V. 

TABLE V. 


Comparison of the Effect of the Same Amount of Mechanical Work 18 Hours 
after Food and during the Hours Immediately Following the 
Ingestion of Glucose. 


| 


| 


in kg.—m. 
to move | kg. 1/ 


meter. 





| 


per 1,000) 


Work in 
Date. distance trav- 
eled. 


meters traveled. 


basal 


try. 
Calories above the 





Experiment No. 

| Weight of dog. 

| Indirect calorime- 
| Work 


| 
| 


° ! ey 
miles | meters | 


= 

< 
2 
- 


| 
* | | 

8.0 |No food. | 60.8 | 0.78) 2.45) 3,925 | 11 585 
| 3 | 8.35 Glucose, 70 gm.| 62.3 | 0.98) 2.44) 3,936 | 11 579 

15) 19 | 9.6)“ | 77.1 | 0.92) 2.96] 4,771 | 12.5 | 0.555 


= he 
23) 24 | 9.3 No food. 76.7 | 0.74) 2.92) 4,71 
26) 26 | 9.7 ‘Glucose, 100 gm.| 76.8 | 0.95) 2.94) 4,73 





7 
= 
‘ 


2 582 
2 


.550 











Experiment 24 is reported for comparison with Experiment 
19 instead of Experiment 18, of nearer date, because the weight of 
the dog in the last named basal experiment was reduced on account 
of the exclusive meat diet of the day preceding. 

When 70 gm. of glucose were given to the dog the weight 


of the water solution administered was 280 gm. and when 100 
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gm. of glucose were given the added weight was 350 gm. These 
values were the cause of the apparent increase in the weight 
of the dog on the days when glucose was ingested. 

It is apparent from the table given above that when mechani- 
cal work is accomplished during the hours following a large inges- 
tion of glucose, the metabolism rises to about the same height as 
when the same amount of work is done during a period when the 
gastrointestinal tract is free from food. The amount of energy 
necessary for the dog to transport itself 1,000 meters horizontally 
is the same under both sets of circumstances. 

Curiously enough, in the second series of experiments there 
appears to be no added increment of energy needed to transport 
the weight of the solution ingested. If it be considered that this 
factor must require energy for its accomplishment, then one may 
conclude from the evidence that the forward movement of the dog’s 
own weight may be executed with even less expenditure of energy in 
the presence of abundant carbohydrate food than when no food is 
taken. Since, in the two instances, the energy requirements 
for the forward motion of 1 kilo of body weight 1 meter are, 
respectively, 0.550 and 0.580, it appears that after glucose in- 
gestion mechanical work may be performed at an expense of 5 
per cent less energy than when no food is taken. 

The respiratory quotients do not rise above unity in any of 
these experiments. To furnish 75 calories in the form of glucose 
in Experiments 19 and 26 would have required an absorption of 
glucose from the intestine at the rate of 20 gm. per hour. Very 
probably this was above the limit of rapidity of absorption. 
Under these circumstances there could have been no condition of 
carbohydrate plethora, but the particles of glucose must have 
been used for the accomplishment of work as they entered the 
circulation. 

Mechanical Work after Meat Ingestion. 


The influence of the ingestion of meat upon the metabolism of a 
dog executing mechanical work is in exact accord with Rubner’s 
experiments upon a man under like conditions. 

Meat was given to the dog in the form of finely chopped beef 
heart and, during the 4th and 5th hours thereafter, the metabol- 
ism of the animal was determined while he was running. The 
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experiment, therefore, was carried on at the time of the maximum 
effect of the specific dynamic action of the meat. 
The results are summarized in Table VI. 


TABLE VI. 
The Metabolism during Mechanical Work Executed 4 and 5 Hours after the 
Ingestion of Meat. 





= a ae Sex | a7 
| s | ea ons | (2 
| Zz | |} & es | 
2 | | | @ | | Work in Sase |< 
Date. 3 | | Food. e | distance trav- | © a~ af 
5 | : | + 4 eled. Po =O 
a | = | fel o | E22 x22 
Sie | yg Ber . auiiaal F ratiag 
1917 kg. cal, | | miles| meters 
Jan. 5{ 2 8.0 | No food. 60.8 | 0.78) 2.45) 3,925) 11.0 | 0.585 
“11 | 6 | 9.25) Meat, 700 gm. | 82.1 | 0.82) 2.55) 4,101 | 15.8 | 0.724 
Mar. 6/13 | 9.0 | No food. 76.1 | 0.79) 2.98) 4,806 | 12.2 | 0.578 
“ 12 | 17 | 9.6 | Meat, 750 gm. | 92.4 | 0.80) 2.91) 4,704) 16.0 | 0.708 





| 


“ 10 | 16 19.5} “ 750“ | 30.0*) 0.80 


* Dog resting. 





In both Experiments 2 and 17 the quantity of energy necessary 
to move the dog’s weight horizontally was very greatly in- 
creased. In the first instance it required 24 and in the second 
22 per cent more energy to move 1 kilo 1 meter through space 
than it required when no meat was taken. 

In the experiments of the second series one may deduct the 
value of the basal metabolism (17.2 calories) from that of the work 
period when no food was taken (76.1 calories) and arrive at the 
value 58.9 calories as the measure of the power required to do the 
work. If, now, one deducts the value in calories of the 5th and 
6th hours after meat ingestion (30.0 calories) from that of the 
corresponding period of work after taking meat, one obtains the 
value 62.4 calories as the measure of the energy actually expended 
for the work accomplished. If it required 62.4 calories to move 
the dog weighing 9.6 kilos 4,704 meters, it may be calculated 
that the equivalent of 0.587 kilogrammeter of energy was 
necessary for the horizontal movement of 1 kilo of body weight | 
meter. This falls within the error limit for a similar factor where 
work is done and the gastrointestinal tract is free from food. 
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It is apparent, therefore, that when mechanical work is accom- 
plished after high protein ingestion, there is an exact summation 
of the increment due to the specific dynamic action of meat and that 
due to energy necessary for the mechanical work involved. 

Mechanical Work after the Ingestion of Alanine.—It was deemed 
advisable to confirm the results obtained after meat ingestion 
by making a series of similar experiments after giving 20 gm. 
of alanine, the specific dynamic action of which is known.’ The 
method for calculating the results in the alanine experiments will 
be found elsewhere.'® Table VII gives the results. 

TABLE VII. 


Metabolism during Mechanical Work Executed 3 and 4 Hours after the 
Ingestion of Alanine, 20 Gm. 








| 
| 
| 
| 
| 


1, 


distance trav- 


| 
| 
| 
| 
| 


meters traveled. 


basal per 


| 


| Indirect calorime- 
| Calories above the 


Experiment No. 


: waa 
i'l 
. miles | meters 


g | Weight. 
I 


1917 

Mar. 23 9.3 | No food. 3.7 | 2.92) 4,717 
7 aan 2} 9.3 | Alanine, 20 gm.} 82. ; 2.96) 4,777 
iad 24 9.4 “ 























* Dog resting. 


If one subtracts the metabolism after giving alanine from 
the metabolism found while mechanical work was being per- 
formed after alanine administration, one obtains the value of 
61 calories as the energy necessary to move the body weight, or 
9.3 kilos 4,777 meters. This is the equivalent of 0.583 kilo- 
grammeter of energy for the movement of 1 kilo of body weight 
1 meter. 

It is evident from this experiment that alanine acts as a stimu- 
lant to metabolism during a period of mechanical work in such a way 
that there is a summation between the increment of extra heat due to its 
metabolism and the extra heat evolved for the production of work. 
The extra heat due to the specific dynamic action of alanine can- 


9 Lusk, J. Biol. Chem., 1912-13, xiii, 155. 
10 Lusk, J. Biol. Chem., 1915, xx, 571. 
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not be due to a plethora of extra metabolites because in these 
experiments comparatively little of the heat production could 
have been derived from alanine (Table X) but it must have been 
due to a specific stimulus. The primary metabolism product of 
alanine is believed to be either lactic acid or pyruvic acid. The 
contrast between the action of alanine, 20 gm. (which is con- 
vertible into 20 gm. of glucose) and of glucose 100 gm., is clear 
and sharp cut, the intermediary acid products of the first con- 
stituting a direct stimulus to metabolism while the metabolites 
of glucose do not. 


Mechanical Work during Fasting. 


Before a run in a hunt for deer, dogs were fasted for 5 days, 
when such sport was allowed, and this without prejudice to the 
powers of the animal. Dog XV, on the 13th day of fasting, 
after a run of about 9 miles during 3 successive hours, jumped 
out of the calorimeter, ran around the room, and in friendly 
fashion, pawed one of the observing staff. It was at no time 
exhausted by the work upon the treadmill. 

The fast of Dog XV may be described as an “interrupted 
fast.’’ That is to say, after 8 days of fasting the dog was given, 
during two ‘intermediate days’”’ at 5 p.m., a half portion of the 
“standard diet.’”’ This half portion amounted to: meat, 50 gm.; 
biscuit mea’, 50 gm.; lard, 10 gm.; bone ash, 10 gm.; calories 344 
daily or 14.3 per hour. The calories administered were exactly 
the number produced per hour by the quiet, resting, fasting ani- 
mal at the time and, therefore, could not have contributed caloric 
value to its body substance. The second division of this in- 
terrupted fast began as the 9th day of fasting and was continued 
until the 15th day. The fast was finally interrupted by giving 
half portions of the standard diet and then the full standard diet, 
in order to observe whether, with the full standard diet, the 
metabolism of the animal would quickly return to its former level. 

Table VIII gives the results obtained. 

This experiment shows how a dog weighing about 9.2 kilos 
and manifesting a basal metabolism of 17.2 calories per hour 
may be reduced in weight to 7.4 kilos on the 13th day of fast- 
ing, a loss of 20 per cent; and in heat production to 12.4 eal- 
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TABLE VIII. 


The Influence of Mechanical Work upon the Metabolism in Fasting; and the 
Influence of Food Ingestion after Fasting. 


| 
| 
| 
' 


kg.—m. 


to move | kg. 1! 


meter. 


ee 


| 
| | 
_Work in 
distance trav- 
eled. 


| 


per 1,000) 
meters traveled. | 


basal 


try. 
Calories above the | 


Indirect calorime- | 
Work in 


Weight 
Day of fast. 


R. Q. 


| Experiment No. 





0.710 | 2.97 | 4,796 

0.74 
.724*| 2.93 | 4,719 
74 
715 
719*| ; 5,023 


—+ © GO I Cr ik 


! 
| 
| 
} 
| 
| : miles | meters 
| 
| 
| 
| 
| 
| 
| 
| 











93 
' 8.0 a 10.88 


| 

















| 
| 
} | | | 

Average. rh, Dee ree ee iz 0.584! 


* Last hour of mechanical work. 

+ Half portions of standard diet for 2 days. 

t Full portion of standard diet on previous day. 
§ Standard diet during 8 previous days. 

|| Maximum variation = + 2.4 per cent. 


ories, a reduction of 28 per cent. When the dog was in good 
condition it required 12.5 calories to move the body weight 
1,000 meters horizontally, but the emaciated dog required only 
10.6 calories to accomplish the same result, a reduction of 15 
per cent. 

However, when one notes the quantity of energy of metab- 
olism required by the dog to move 1 kilo of body weight 1 meter 
horizontally during the various days of fasting, one finds an 
average value of 0.584 kilogrammeter with a maximum variation 
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of 2.4 per cent. This compares with an average value of 0.580 
kilogrammeter of energy required for a similar amount of work 
by the well nourished dog, as given on page 425. It may there- 
fore be stated that the quantity of energy required to accomplish a 
given amount of work is the same whether a dog is in the best nutri- 
tive condition or has lost 20 per cent in weight after 13 days of 
fasting. 

By a reduction of the body weight one may economize in the 
quantity of the basal metabolism, one may economize in the quan- 
tity of food fuel required to move the lesser body weight, but if a 
given amount of work is to be done it can be accomplished only at 
the expense of a definite quantity of energy, irrespective of the body 
weight. 

Respiratory Quotients in Work and Fasting.—During the 
periods of work and starvation the respiratory quotients are 
especially interesting because they represent, in the last hour 
of the experiments at least, the combustion of almost pure fat 
with scarcely more than 3 per cent of the total calories derived 
from protein. 

The calculated non-protein respiratory quotients for successive 
hours are shown below. 


Experiment No.. 30 32 34 


Day of fast 5 8 13 

Respiratory quotient Ist hr. | 0.740 0.721 
x 4 ; 2nd “ 0.734 0.727 0.717 
- - aa.) Ogee 0.717 | 0.713 


In all these experiments there is a fall in the respiratory quo- 
tients from hour to hour, the fall being least noticeable in the 
last experiment on the 13th day of fasting. The higher quotients 
are due to the utilization of residual stores of glycogen. Leh- 
mann, Mueller, Munk, Senator, and Zuntz!! calculated 0 710 to be 
the respiratory quotient for lard. Later Zuntz™ slightly changed 
the oxygen value so that the quotient became 0.707. Still more 

'! Lehmann, C., Mueller, F., Munk, I., Senator, H., and Zuntz, N., 


Virchows Arch., 1893, exxxi, suppl., 131. 
2 Zuntz, N., Arch. ges. Physiol., 1897, lxviii, 201. 
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recently Zuntz™ computed the respiratory quotient for human 
fat to be 0.713. This is the lowest quotient obtained in the 
above series and is probably not far removed from the actual 
respiratory quotient of dog’s body fat. 

Food Ingestion after Fasting.—The influence of food ingestion 
after fasting upon the level of the basal metabolism was found to 
be slight. Thus, when on the 8th day of fasting a half portion 
of the standard diet, or the energy equivalent of 14.3 calories per 
hour, was given and this was repeated the next day, the basal 
metabolism remained unchanged. The two observations were 
14.3 and 14.4 calories per hour. The same result was noted after 
giving half a portion of the standard diet on the 15th day of fast- 
ing, and on the following day. Even the administration of the 
full standard diet failed to raise the metabolism, 18 hours after its 
ingestion, to a level higher than that which had existed in fasting. 
The condition of the body, and not a large influx of food on the 
day previous, determines the height of the basal metabolism. 


On the conclusion of these experiments the animal was given 
daily 750 gm. of meat at 10 a.m. and the standard diet at 5 p.m. 
The animal gained 1.1 kilos in a week and the basal metabolism 
rose to 17.8 calories per hour. At this time the administration of 
750 gm. of meat caused the heat production, during the 5th hour 
after food ingestion, to rise to 32 calories (Experiment 43) in 
contrast with a metabolism of 12.4 calories per hour on the 13th 
day of fasting recorded a month earlier. The increase is one of 
158 per cent, which is striking but not unexpected. 

Table IX presents the details of urinary analyses, and Table 
X the data of the respiration experiments. 


SUMMARY. 


1. A dog, 18 hours after taking a mixed diet and weighing 
about 9 kilos, moved horizontally on a treadmill at rates varying 
between 2.5 and 3 miles (3,900 and 4,800 meters respectively) 
per hour and accomplished this work at the expense of an extra 
energy production of 0.580 kilogrammeter per kilo of body 


18 Zuntz, Lehrbuch der Physiologie des Menschen, Leipzig, 2d edition, 
1913, 644. 
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weight transported 1 meter. The variation in this factor was less 
than 2 per cent. 

2. The same dog, after taking 70 or 100 gm. of glucose in aque- 
ous solution, accomplished the same amount of work at the ex- 
pense of extra energy production, corresponding to 0.550 kilo- 
grammeter per kilo of body weight transported 1 meter. It is 
evident that after carbohydrate ingestion a given amount of 
work may be accomplished with an amount of energy which is the 
same or even less than when no food is given. Certainly the 
inflow of metabolites of glucose induced no extra heat production. 

3. When given meat, the dog accomplished the work of running 
3 miles an hour at the expenditure of an amount of extra energy 
above the level of the basal metabolism, amounting to the sum 
of the extra heat which would have been produced by the specific 
dynamic action of meat plus an energy increment of 0.587 kilo- 
grammeter for moving 1 kilo of body weight 1 meter. 

4. The dog, when given 20 gm. of alanine, accomplished 
the work of running 3 miles in such a way that the increase 
above the basal metabolism amounted to a summation of the incre- 
ment of extra heat due to the specific dynamic action of alanine 
plus an energy increment of 0.583 kilogrammeter for the hori- 
zontal movement of 1 kilo of body weight 1 meter. 

The metabolites of meat and alanine, therefore, act differently 
from those of glucose. 

5. After fasting the dog 13 days, until it had lost 20 per cent 
of its weight, it was found that on various days throughout the 
fast it required the energy equivalent of 0.584 kilogrammeter 
to move | kilo of body weight 1 meter. 

6. It is evident from this that the quantity of energy required 
to move 1 kilo of body substance 1 meter through space (0.580 
kilogrammeter) was a constant factor, which was independent of 
the condition of the body and was separable from that specific 
dytiamic quota due to the stimulation of the metabolites of protein. 
Only in the presence of an abundant supply of the metabolites of 
glucose could it be slightly reduced. 

7. The lowest non-protein respiratory quotients found after 
long running on the treadmill during fasting were 0.717 and 0.713, 
which probably represent the quotients for body fat. 

8. The ingestion in various quantities of a mixed diet during 
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a fast had no effect upon the basal metabolism of the day follow- 
ing food administration, as compared with the level of metabolism 
previous to giving the food. The condition of the body and 
not a large influx of food on the day previous determined the 
height of metabolism. 


We wish to thank Mr. James Evenden for the technical 
assistance he gave in operating the calorimeter. 
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TABLE IX. 
Urinary Nitrogen—Dog XV. 
Second Series. 





Gm. nitrogen eliminated per hour. 
| 2nd | 3rd 4th 5th | 6th 
hr. | hr. | hr. | hr. | hr. | hr. 


1917 
Feb. 20 | ist day of 700 gm. meat. 0 214 ‘0.4800 847,0.934 |0.973 |1.026 
St igud * .“~ Oe * ™ 10.65* (0.65*|1.19* 1 19* | 

27 | Basal. Standard diet | | 

Feb. 26. 

Mar. Glucose metabolism. 70 | 

gm. glucose. 0.103 

Basal. Standard diet |0.108 
Mar. 1. | 
Basal. Standard diet ‘0.098 | 
Mar. 7. | | | | 

After 750 gm. meat. (0. 853)0. 8594/0. 8597/0. 859 

- ar « 1.11f |1.11F |1.11t 

“ m= « | | {0.951 | 


Date. Kind of experiment. | a r aoe -_ 
| 


0.198 |0. 203) 








Glucose metabolism. 70 
gm. glucose. 10.116 | 
Basal. Standard diet | | 
Mar. 16. 10.094 | 
Basal. Standard diet | 
Mar. 31. 0.093 | 
4th day of fasting. 0 095 
th “ « « 0.121 
lth“ “« « (0.082f) 
After } standard diet | 
Apr. 11. 10.104 
After } standard diet | 
Apr. 11 and 12. 0 81 
Basal. (0. 120 
“ 0.114 
2nd day of 750 gm. meat.| 
om * “fe * - 


ed “os. 
7th “ ‘ 7é “ “ | 


(0.317 


May 














Day following meat. 








* Average of 2 hours. 
+t Dog in calorimeter. Average per hour. 


t Average for 6 hours. 
gm. per hr. 


Ist period (10.10—11.10) = 0.109 
2nd “ = (11.10— 2.16) = 0.083 
3rd o ( 2.16— 4.46) = 0.070 
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TABLE X.—Respiration Experiments on 


-_ | 
| | 


Urine N. 





| 
| 
| 


Non- 
protein 


> | Protein. | 


Experiment No. | 
| 


| 








| 


2 2.00- 3.00 (0.20) 


R 
| 0.8 
3.00— 4.00 4 (0.20) | 0.7 


| 
| 
| 
| 
| 


3 11 .00-12.00 17.96 | (0.103) | 0.97 
12.00- 1.00 7.71 | (0.103) | 0.98 











12.00- 1.00 5.28 | | (0.20) 











26.47 | 22 (1.00) 
| 27.85 | 24. (1.00) 








50 
5.50 





Second 








Calories. 


Non- 
Urine N. | protein 
R.Q. Protein. 





| Experiment No. | 








11 .00-12.00 
12.00— 1.00 





11 .00-12.00 
12.00- 1. 


10.30-11.¢ 
11 .30-12. 


11.00-12. 
12.00- 1. 





10.30-11.30 | 24: 
11.30-J2.30 | 24.38 





























* Standard diet at 5 p.m. day previous. 








Dog XV .—First Series. 





'Total eal- 


| | | Calories 
| Work in| above | Energy 








|the basal/jin kg.-m. 
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| 


| Treadmill | meters Morning | 
Rw : aaa (17.5) to move 
revolutions. | yan per 1,000| 1 kg. 1 
culated. ! | meters | meter. 
| | traveled. | 
} 
| - 
aay Tl | 
89 | 8,610 | 


| 3,925 | | 0.585 
ni ae? 3 wid — 


| 3,936 | 111 | 0.579 


! 

| 

“ll 7 

67 | 8,617 

94 | 8,569 
| 


86 8,756 | 4,010 | 14.3 
8,955 

















. | bove 
a Work in |.,2 
Vork i ithe kt | 


| Total eal- 
| culated. 


| 70.77 9,382 
| 69.29 


SSR REB UKPDS ea 


» | 20.08 
19.69 


19.02 





| 80.06 | 10,522 
| 78.20} 10,590 


| 75.16 | 10,480 


| 76.95 | 





Calories 





Energy 


, yasal in kg.—m. 
Treadmill | meters (17.2) | to move 


av ions.| travelec 
revolutions -_ _ per 1,000| 1 ke. 1 
I : meters meter. 
traveled. 


4,303 12.3 | 0.580 














) 
17.73 


4,834 12.8 | 0.589 


Rage] 














| 4,806 | 12.2 | 0.578 
10,505 | #306 | 1 s 


| 


| 
| 
| 
| 














Basal metabolism. * 








Food. 


8.0 No food and work.* 


lucose, 70 gm. in water, 
210 cc. at 9.55 a.m.* 
Dog refused water at 
end. 


Aver- 
age of 2 hrs. 


Meat, 700 gm., at 9.45 a.m. * 





Food. 






No food.* 






Glucose, 70 gm., in 220 ce. 


water at 35° at 10 a.m.* 






Basal metabolism.* 





Glucose, 70 gm., in 210 ce. 
water at 35° at 10 a.m.* 
Vomited at 11.12 a.m. 


Work and no food.* 
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TABLE X— 


Second 





| Experiment No. | 


Urine N. 





_ 
— 


1.20- 2 
.20- 3. 


00-11. 
00-12. 


2.00- 1. 
.00- 2. 


.00O-11.: 
.30-12.: 
2.30- 1.: 














12.00— 1.00 


6.15 | 





| 
12.00- 1.00 | 


23.86 | 2% 





80 


74 


0.098 
0.098 





0.859 | 
0.859 | 


| 
0.951 | 
0.951 | 


(0.203) | 
(0.203) | 


(0.116) | 
(0.116) | 


0.058. | 
0.116 | 
0.116 | 


| 





Non- 
protein 
R.Q. 


0.094 | 0.88 


(0.094: | 0. 
(0.094) 0. 
| 


0.093 | 0. 


| (0.093) | 0. 








* Standard diet at 5 p.m. day previous. 


Calories. 


Protein. | Alanine. 
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Continued. 
Series. 
Calories. | Calories 
| lw F above 
| | Work in 
| Treadmill | on ar Food. 
Non- [Total cal-|"evolutions.| traveled | per 1,000 
protein. | culated. | meters 
| traveled. 
en —_— | | ——— 
14.12 | 16.71 | | Basal metabolism. 
16.02 | 18.61 | 


4.48 


0.61 


66.21 
68 .07 


68.41 
70.42 


73.94 
74.06 


8.02 
17.31 
18.44 


71.24 
71.39 





















27 . 25 


3.79 
5.80 


77.01 
77.13 


9.55 
20.38 
21.51 





10,285 


10,255 
10,230 
10,235 


10,395 
10,440 


10,455 
10,406 





4,777 

















16.0 





~ 
—_— 


Basal metabolism. * 


Alanine, 20 gm., + Lie- 





Basal metabolism. * 


Work without food.* 

















Meat, 750 gm., at 9.30 
a.m.* 5th and 6th hours 
after meat. 








cceteeanteh AN ma RTA TENT 









Meat, 750 gm., at 7.30 
a.m.* 5th and 6th hours 
after meat. 












Meat, 750 gm., at 9.20 
a.m. Work 5th and 6th 
hours after meat. 




















Work and no food since 
meat. 












Glucose, 70 gm., in 210 ce. 
warm water at 10 a.m.* 











Glucose, 70 gm., in 210 ce. 
warm water at 9.30 a.m.* 
(Non-protein calories in- 
clude those in fat pro- 
duction. ) 

















big’s extract, 2 gm., + 
water, 150 cc., at 10 a.m.* 









— 
















Av- 
erage of 2 hrs. 
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TABLE X— 
Second 


Calories. 





| Experiment No. 








gm. 


(0.093) 
(0.093) 


(0.093) 
(0.093) 
(0.093) 





(0.093) 
(0.093) 


(0.095) 











12.00— 1.00 8 Ve 0.095 





11 .00-12.00 20.93 | ¢ .737 | (0.095) 
12.00- 1.00 | 21.91 | ; 0 (0.095) | 





1.00- 2.00 | 4.66 | 738 | 0.121 
| 
| 





11.00-12.00 | 4.40 .51 | 0. (0.082) 
12.00— 1.00 4.19 .26 | 0. (0.082) 


1.00— 2.00 | 20.48 | 0. (0.082) 
2.00— 3.00 .2o | 21. . (0.082) 
3.00— 4.00 | 21.55 | 21.78 (0.082) 


11.00— 1.00 AS ; : (0.082) 





3.00—- 4.00 | 20.89 | 20.78 . (0.082) 
































* Standard diet at 5 p.m. day previous. 


- 











Continued. 
Series. 
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Calories. 


Non- ar 
protein. | culated. 


| 
| 








ana 
7.45 | 20.05 


13.41 | 22.04 


36.71 | 37.94 
72.49 | 74.95 
78.11 | 78.57 





71.15 | 73.66 


65.44 | 67.95 


~J 
— 
“J 
to 
oo) 
~ 


69 


11.75 | 14.95 


65.49 | 67 


~ 


67.59 | 69.76 | 


69.61 | 71.78 


66.30 | 68.47 





12.53 | 14.70 | 
13.88 | 











| 
| Calories 
‘ Work in| above By pd 
Treadmill | meters |the basal|!? *®—~™-| Morning ‘ 
revolutions.| traveled | per 1,000 | ° MV | ‘weight. | Food. 
per hr. meters - 3 4 , 
traveled.| ™°?- 
| kg. 
9.4 | Alanine, 20 gm., + Lie- 
big’s extract, 2 gm., + 
water, 150 cc., at 9 a.m.* 
5,165 | 9.7 | Glucose, 100 gm., in 250 
10,370 | 4.737 12.5 | 0.550 | | ec. warm water at 10 
10,349 J . ees a.m.* 
10,276 No food.* 
10,338 









66 | 








10,475 


10,355 
10,390 


9,966 
10,885 \J 
11,050 | | 


10,434 





4,796 


5,023 


4,77 


“Jj 

















| 
| 
| 0.570 





0.587 | 





0.587 














we |} wae ot ‘ 
8.75 | Fasting, 38rd day, and 


work. Average of 2 hrs. 
rest. 


‘asting, 4th day, 


Average of 2 hrs. 





8.55 | Fasting, Sth day, and 
work. 

8.35 | Fasting, 7th day, rest. 
Average of 2 hrs. 

8.10 | Fasting, 8th day, rest. 


| 
| 
| 
| 
| 


Fasting, 8th day, work. 
On Apr. 3 and 4 at 5 p.m. 
dog received } portion 
of standard diet: meat, 
50 gm.; biscuit meal, 50 
gm.; lard, 10 gm.; bone 
ash, 10 gm.; calories 344 
or 14.3 calories per hour. 









Fasting, 9th day, rest. 


Average of 2 hrs. 





(continued), 9th 
2nd hr. of work. 


Fasting 
day. 
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TABLE X— 
Second 





Calories. 


- | 
Non- j 
protein | 
RQ. Protein. 


| Experiment No. 





gm. 


12.00— 1.00 4 ; (0.082) 


BS 





| 1.00— 2.00 : rb ; (0.082) 
2.00— 3.00 75 72 (0.082) 
3.00— 4.00 .21 AS ’ (0.082) 


2.00— 3.00 9 3. .739 | (0.082) 
3.00— 4.00 ; ; .732 | (0.082) 





11.00-12.00 . 3. 8 0.081 





10.00-11.00 











be. 
i 
He 
ee 
a 
¢ 
Us 
‘ 


10.00-11 .00 
11 .00-12.00 
12.00— 1.00 


3.00— 4.00 
4.00- 5.00 





























Concluded. 
Series. 
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Calories. 


| | 


Calories 
| Work in| above 


| Treadmill | meters |the basal 


Non- _ Totaleal-| 
protein. | culated. 


lrevolutions.| traveled | per 1,000 


| perhr. | meters 
| traveled. 





48 | 
24 | 
89 


2.60 





9,784 
10,384 
10,681 


| 
| 

















Morning | 


Fasting (continued), 13th 
day, rest. Average of 2 
hrs. 

Same conditions, work. 


| Fasting (continued), 15th 


day, rest. 


} portion of standard diet 


on Apr. 11 and 12 at 5 
p.m. Average of 2 hrs. 


| Standard diet yesterday 5 





p.m. Average of 2 hrs. 


Basal. Standard diet yes- 
terday 5 p.m. 


Basal. Standard diet yes- 
terday 5 p.m. 


Basal. Apr. 25 to May 2, 
meat, 750 gm. at 10 a.m. 
and standard diet at 5 
p.m. 


Meat, 750 gm. at 11 a.m. 
Standard diet yesterday 
at 5 p.m. 




















A METHOD FOR THE PREPARATION OF UNIFORM 
COLLODION MEMBRANES FOR DIALYSIS. 


By CHESTER J. FARMER. 


(From the Laboratory of Biological Chemistry, School of Medicine, Marquette 
University, Milwaukee.) 


(Received for publication, October 23, 1917.) 


The usefulness of collodion membranes for dialysis has been 
known for almost two decades. Various attempts have been 
made to control their permeability by varying the time of drying 
(1), by heating in water (2), by adding castor oil to the alcohol- 
ether solution of the guncotton (3), and by after-treatment of 
the thoroughly dried films with various strengths of alcohol {4). 


The usual method of preparing these membranes consisted in forming 
them either on the outside or the inside of test-tubes. In the first case 
the test-tube is dipped into the collodion solution, allowed to drain a 
minute or two, then dried while being revolved in the air. When the mem- 
brane fails to stick to the finger, the tube is immersed in cold water for a 
few minutes, which causes the film to harden, and allows it subsequently 
to be peeled from the tube. The second method consists in filling the 
tube with collodion, then inverting it and allowing it to drain back into the 
stock bottle as completely as possible. The tube is then clamped in the 
vertical position (mouth downward) for a period varying from a few min- 
utes toa half hour. This allows further drainage and also the slow evapo- 
ration of the solvent. When one fails to detect the odor of ether in the 
tube, it is filled with cold water which hardens the membrane and causes 
it to loosen from the wall of the tube. By inserting a small glass rod be- 
tween the film and the tube, the membrane may readily be withdrawn. 
Membranes are always kept immersed in cold water until desired for use. 

Membranes made as indicated above are lacking in uniformity, both 
as to thickness and dialyzing power. For this reason Walpole (5) discarded 
thimbles and prepared films by allowing a measured quantity of collodion 
solution containing a known amount of guncotton, to evaporate on a 
glass plate of definite area. The degree of drying was controlled by 
cutting from time to time, a small piece of film from the margin of the 
plate, immersing it in cold water for a few minutes, and then measuring 
its thickness by means of a micrometer. As the evaporation proceeded 
the thickness and permeability both decreased. When the desired thick- 
ness was attained, the plate was immersed in cold water until the film 
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had hardened sufficiently to allow it to be removed. In this way flat mem- 
branes were obtained with definite and uniform characteristics respective to 
strength and permeability. They could therefore be standardized and 
accurately described for purposes of duplication. 

Recently Brown (4) has carefully studied the various factors entering 
into the preparation of graded dialyzing thimbles. His membranes are 
formed upon the outside of test-tubes. They are drained for 5 minutes 
into a half liter conical flask, being supported by the stopper. By thus 
limiting the evaporation a more uniform film of collodion is obtained. 
After drainage the tubes are immediately immersed in cold water for a 
minute. The membranes are then removed by eversion and allowed to 
become bone dry by exposure over night to the air. Such membranes are 
highly impermeable. The desired degree of permeability is obtained by 
subsequently soaking the thimbles for 24 hours in various strengths of 
alcohol; the greater the concentration of alcohol, the greater the per- 
meability of the resulting membrane. After washing they are ready for 
standardization and use. 


The purpose of this communication is to describe an apparatus 
for making collodion dialyzing membranes in which all variables 
except the time of drying are fixed. The apparatus has been in 
use in this laboratory for the last 2 years, and has given satisfaction 
in the preparation of thimbles ranging in diameter from 7 to 
15 mm. Such membranes are easily duplicated, and may be 
standardized to various degrees of permeability. 


Apparatus. 


The apparatus is shown in the accompanying figure. It 
consists of a 150 cc. Erlenmeyer flask (A) into which is inserted 
a rubber stopper having a hole of sufficient size to allow easy 
insertion of the glass tube in which the membrane is to be formed. 
At the left (B) is shown the drying apparatus. As most of the 
membranes were 7 by 120 mm. in size, the measurements for 
this drier will be given. The jacket consists of a piece of tubing 
155 mm. long and 9 mm. (inside) in diameter. At 25 mm. from 
the top a hole is blown, or preferably a tube of 8 mm. diameter 
sealed on to admit either laboratory air or air from a gas drying 
apparatus. Into the top of the jacket a piece of rubber tubing 
(about 25 mm. long) is inserted. Through this is pushed a glass 
tube of 5 mm. diameter which tapers uniformly from its point 
of emergence (C) to its tip where it has a diameter of 1mm. The 
capillary should extend to within 5 or 6 mm. of the bottom of the 
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jacket. It is important that the capillary should be concentric 
with the jacket, and parallel with its vertical axis. This adjust- 
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ment may easily be obtained by manipulating the rubber tubing 
through which the glass tube passes. The bottom of the jacket 
is closed by slipping over it a solid rubber stopper in which is 
bored a well extending to about two-thirds its depth. The top 
of the capillary (5 mm. tube) is connected by rubber tubing to the 
middle hole of a three-necked Wolff bottle (D). One of the end 
openings is connected with a vacuum pipe or water aspirator, 
while the other opening is plugged with a rubber stopper support- 
ing an open end mercury manometer capable of recording 75 
mm. of vacuum. The small tubes in which the membranes are 
formed are made by sealing off Jena or Pyrex tubing of 7 mm. 
bore into lengths of about 130 mm. The closed end is rounded 
like a test-tube. They slip readily to their entire length into 
the jacket of the drying apparatus. 


Technique. 


The collodion used for these membranes is prepared in the 
following way. 1 ounce of Anthony’s negative cotton! is placed 
in a desiccator over sulfuric acid for 24 hours. 3 gm. of the dry 
material are placed in a 150 cc. Erlenmeyer flask, and 50 ce. of a 
mixture of equal parts of absolute alcohol and ether (distilled 
over sodium) are added. The flask is then stoppered and shaken 
occasionally. After about } hour all evidence of fibrous material 
has disappeared, and the flask is allowed to stand quietly for 
another half hour to allow the air bubbles to collect and to come 
to the surface. After this the collodion solution is suitable for 
use. It has been recommended that the solution should be 
allowed to stand for 3 or 4 days in order that a brown sediment 
may settle out (6). This has not been found necessary if 
thoroughly dried guncotton and anhydrous ether and alcohol 
are used. 

One of the small tubes (7 by 130 mm.) is pushed into the hole of 
the rubber stopper which fits the Erlenmeyer flask. It should 
not go completely through, but stop about 2 mm. before reaching. 
the smaller end, as is shown in the figure. This is important, 
for otherwise tubes of such small diameter will not drain com- 


1 Anthony’s negative cotton is procurable in 1 ounce packages from the 
Ansco Company, Binghamton, N. Y. 
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pletely. Remove the stopper from the flask and insert the one 
carrying the tube. The flask is now inverted to an angle of 
60° and the tube allowed to fill with collodion. Return the flask 
to an angle of 30° and allow the tube to drain, meanwhile revolving 
it about its axis. As soon as the column of collodion has drained 
out so that the tube seems empty, the flask is placed in the ver- 
tical position and allowed to drain exactly 1 minute. At the end 
of this time, quickly remove the tube and slip it vertically into 
the drying apparatus, closing the bottom of the jacket with the 
rubber stopper, as indicated in the diagram. After withdrawing 
the tube from the stopper of the Erlenmeyer flask, a glass plug 
is promptly inserted to prevent evaporation of the solvent. The 
suction should previously be started and adjusted so that the 
manometer records a vacuum of 50 mm. The tube is dried for 
1 minute, then immediately removed, and filled with cold distilled 
water. After a few minutes the collodion adhering to the mouth 
of the tube may be loosened by scraping with a pair of forceps. 
The free membrane is then pulled toward the opposite edge of the 
tube, permitting a little water to be forced out of the thimble and 
to run down between it and the glass. A small rod, 1 to 2mm. in 
diameter, is inserted between the membrane and the tube wall, 
extending to the bottom. If the membrane has hardened suffi- 
ciently, it may be easily withdrawn by gentle traction on the 
forceps. Immerse the thimble in distilled water until desired 
for use. 


Standardization. 


The original object in making these membranes was to obtain 
dialyzing sacs suitable for use with the indicator method for 
determining the hydrogen ion concentration of blood or plasma. 
It was evident that the reliability of the method depended upon 
the uniform permeability of the membranes used, and that it 
would also be desirable to decrease the time of dialysis to a 
minimum. 

To indicate the permeability, the technique of Levy, Rowntree, 
and Marriott (6) was adopted, substituting a Sérensen phosphate 
mixture of known pH value for blood. A series of ten thimbles 
was made, drying two of each respectively, 1, 2,3, 4, and 5 minutes. 
After being thoroughly washed and tested for leaks with a physi- 
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ological salt solution, 3 cc. of phosphate mixture pH 8.2 were 

placed in each. They were then put into Jena test-tubes of approx- 
imately 9 by 100 mm. containing 3 cc. of physiological salt solution, 
which had been standing in a water bath at 40°C. for about 1 
minute. After exactly 1 minute, all membranes were removed, 
the dialysate was allowed to cool to room temperature, and 0.3 
ec. of a 0.01 per cent phenolsulfonephthalein solution added to 
each. They were then compared with the Sérensen standard 
tubes. The results are recorded in Table I. 





TABLE I. 
Membrane 7? by 120 Mm. Suction 50 Mm. Temperature 40°C. 


Drain 1 min.; dry 1 min., pH 8.2— 8.2 


ie Tt, 2“ “8.0—8.0 
*1.% 27 ““§6—65 
Te ee ORS 
eg. Ee wEgQuts 


Standard phosphates used, pH 8.2. 


Table I indicates that the permeability decreases with continued 
drying. As membranes dried but 1 minute offer no difficulty 
in being removed from the tube, it was decided to adopt this 
period as a standard for thimbles of this diameter. Membranes 
of larger diameters require a somewhat longer drying unless the 
volume of air is increased by using a higher vacuum. 

In actual use the dialysis is conducted at room temperature 
rather than at 40°C. In order to determine the time required to 
establish equilibrium between the phosphate solution and the 
physiological salt solution, a series of nine thimbles was prepared 
and dialyzed for periods of 1, 2 and 3 minutes. Table II shows 
that 3 minutes was sufficient. 


TABLE II. 
Tubes 7? by 120 Mm. Suction 60 Mm. 


| Dialysis. 








4 
1 min. | 2 min. 3 min. 





Drain 1 min.; dry 1 min. | 
oO 


~I 
“J 


Standard phosphate pH 7.8. 
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The same result was obtained in the series indicated in Table 
IIT. 


TABLE III. 
Tubes 7 by 120 Mm. Suction 50 Mm. 





Dialysis. 





3 min. 
Drain 1 min.; dry 1 min. 

8.0 
Standard phosphate pH 8.0. | 8.0 

| 


8.0 


CONCLUSIONS. 


An apparatus is described by means of which uniform collodion 
dialyzing membranes may be made. They are thinnest at the 
closed end, but owing to the opposed positions of the tube during 
drainage and drying the variations in the wall tend to be equalized. 

The permeability and time of dialysis may be definitely estab- 
lished by standardization with phosphate mixtures. The small 
diameter of the thimble also favors rapid dialysis. The per- 
meability may be changed by varying the period of drying. After 
establishing the proper drying time, any number of membranes 
having similar characteristics may be quickly prepared. 


I wish to thank Mr. Leo Massopust for making the accompany- 
ing sketch of the apparatus. 
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DESCRIPTION OF METHODS. 


The methods are based on a combination of Shaffer’s oxidation 
of 6-hydroxybutyrie acid to acetone and Denigés’ precipitation 
of acetone as a basic mercuric sulfate compound. Oxidation and 
precipitation are carried out simultaneously in the same solution, 
so that the technique is simplified to boiling the mixture for an 
hour and a half under a reflux condenser, and weighing the pre- 
cipitate which forms. The acetone and acetoacetic acid may be 
determined either with the $-hydroxybutyric acid or separately. 
Neither the size of sample nor mode of procedure have required 
variation for different urines; the same process may be used for 
the smallest significant amounts of acetone bodies and likewise 
for the largest that are encountered. The precipitate is crystal- 
line and beautifully adapted to quick drying and accurate weigh- 
ing; but when facilities for weighing are absent the precipitate 
ean be redissolved in dilute hydrochloric acid and the mercury 
titrated with potassium iodide by the method of Personne (1863). 

Preservatives other than toluene or copper sulfate should not 


be used. 
Solutions Required. 


20 per Cent Copper Sulfate-—200 gm. of CuSO,.5H2O dissolved 
in water and made up to 1 liter. 

10 per Cent Mercuric Sulfate——73 gm. of pure red mercuric 
oxide dissolved in 1 liter of H2SO, of 4 N concentration. 

50 Volume per Cent Sulfuric Acid.—500 ce. of sulfurie acid of 
1.835 specific gravity, diluted to 1 liter with water. Concen- 
tration of H,SO, must be readjusted if necessary to make it 
17.0 N by titration. 
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10 per Cent Calcium Hydroxide Suspension.—Mix 100 gm. of 
Merck’s fine light “‘reagent’” Ca (OH): with 1 liter of water. 

5 per Cent Potassium Dichromate-—50 gm. KeCr2O; dissolved 
in water and made up to | liter. 

Combined Reagents for Total Acetone Body Determination.—1 
liter of the above 50 per cent sulfuric acid, 3.5 liters of the mer- 
curic sulfate, 10 liters of water. 


Removal of Glucose and Other Interfering Substances from Urine. 


Place 25 ec. of urine in a 250 ec. measuring flask. Add 100 ce. 
of water, 50 cc. of copper sulfate solution, and mix. Then add 
50 ce. of 10 per cent calcium hydroxide, shake, and test with lit- 
mus. If not alkaline, add more calcium hydroxide. Dilute to the 
mark and let stand at least one-half hour for glucose to precipitate. 
Filter through a dry folded filter. This procedure will remove up 
to 8 per cent of glucose. Urine containing more should be diluted 
enough to bring the glucose down to 8 per cent. The copper 
treatment is depended upon to remove interfering substances 
other than glucose, and should therefore never be omitted, even 
when glucose is absent. The filtrate may be tested for glucose by 
boiling a little in a test-tube. A precipitate of yellow cuprous 
oxide will be obtained if the removal has not been complete. A 
slight precipitate of white calcium salts always forms, but does 
not interfere with the detection of the yellow cuprous oxide. 


Simultaneous Determination of Total Acetone Bodies (Acetone. 
Acetoacetic Acid, and Hydroxybutyric Acid) in One Operation. 


Place in a 500 cc. Erlenmeyer flask 25 ec. of urine filtrate. Add 
100 cc. of water, 10 ce. of 50 per cent sulfuric acid, and 35 ce. of 
the 10 per cent mercuric sulfate. Or in place of adding the water 
and reagents separately, add 145 ec. of the ‘‘combined reagents.” 
Connect the flask with a reflux condenser having a straight con- 
densing tube of 8 or 10 mm. diameter and heat to boiling. After 
boiling has begun, add 5 ce. of the 5 per cent dichromate through 
the condenser tube. Continue boiling gently 14 hours. (This 
time may, if desired, be shortened to 40 minutes by adopting the 
conditions described on page 474). The yellow precipitate which 
forms consists of the mercury sulfate-chromate compound (for 
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composition see p. 480) of the preformed acetone, and of the ace- 
tone which has been formed by decomposition of acetoacetic acid 
and by oxidation of the hydroxybutyric acid. It is collected in a 
Gooch or ‘‘medium density”’ alundum crucible, washed with 200 
ec. of cold water, and dried for an hour at 110°. The crucible is 
allowed to cool in room air (a desiccator is unnecessary and unde- 
sirable) and weighed. Several precipitates may be collected, one 
above the other, without cleaning the crucible. As an alterna- 
tive to weighing, the precipitate may be dissolved and titrated, 
as described below. 


Acetone and Acetoacetic Acid. 

The acetone plus the acetoacetic acid, which completely decom- 
poses into acetone and COs on heating, is determined without the 
hydroxybutyric acid exactly as the total acetone bodies, except 
that (1) no dichromate is added to oxidize the hydroxybutyric 
acid and (2) the boiling must continue for not less than 30 nor 
more thari 45 minutes. Boiling for more than 45 minutes splits 
off a litle acetone from hydroxybutyric acid even in the absence 
of chromic acid. 

B-Hydroxybutyric Acid. 


The hydroxybutyrie acid alone is determined exactly as total 
acetone bodies except that the preformed acetone and that from 
the acetoacetic acid are first boiled off. To do this the 25 ce. of 
urine filtrate plus 100 ce. of water are treated with 2 ec. of the 
50 per cent sulfuric acid and boiled in the open flask for 10 min- 
utes. The volume of solution left in the flask is measured in a 
cylinder. The solution is returned to the flask, and the cylinder 
washed with enough water to replace that boiled off and restore 
the volume of the solution to 127 ce. Then 8 ce. of the 50 per 
cent sulfuric acid and 35 ce. of mercuric sulfate are added. The 
flask is connected under the condenser and the determination is 
continued as described for total acetone bodies. 


Blank Determination of Precipitate from Substances in Urine Other 
than the Acetone Bodies. 


The 25 ce. aliquot of urine filtrate is treated with sulfuric acid 
and water and boiled 10 minutes to drive off acetone. The resi- 
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due is made up to 175 ee. with the same amounts of mercuric 
sulfate and sulfuric acid used in the above determinations, but 
without chromate, and is boiled under the reflux for 45 minutes. 
Longer boiling splits off some acetone from  $-hydroxybutyric 
acid, and must therefore be avoided. The weight of precipitate 
obtained may be subtracted from that obtained in the above 
determination. 

The blank is so small that in our experience it is relatively sig- 
nificant only when compared with the small amounts of acetone 
bodies found in normal or nearly normal urines (see p. 488). In 
routine analyses of diabetic urines we do not determine it. 


Test of Reagents. 


When the complete total acetone bodies determination, including 
the preliminary copper sulfate treatment, is performed on a sam- 
ple of distilled water instead of urine no precipitate whatever 
should be obtained. This test must not be omitted. 


Titration of the Precipitate. 


Instead of weighing the precipitate, one may wash the contents 
of the Gooch, including the asbestos, into a small beaker with as 
little water as possible, and add 15 ce. of 1 Nn HCl. The mix- 
ture is then heated, and the precipitate quickly dissolves. In 
case an alundum crucible is used, it is set into the beaker of acid 
until the precipitate dissolves, and then washed with suction, the 
washings being added to the beaker. In place of using either a 
Gooch or alundum crucible one may when titration is employed, 
wash the precipitate without suction on a small quantitative filter 
paper, which is transferred with precipitate to the beaker and 
broken up with a rod in 15 ce. of 1 Nn HCl. 

In order to obtain a good end-point in the subsequent titration 
it is necessary to reduce the acidity of the solution. For this pur- 
pose we have found addition of excess sodium acetate the most 
satisfactory means. 6 to 7 cc. of 3 mM acetate are added to the 
cooled solution of redissolved precipitate. Then the 0.2 m KI 
is run in rapidly from a burette with constant stirring. If more 
than a small amount of mercury is present, a red precipitate of 
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HglI. at once forms, and redissolves as soon as 2 or 8 cc. of KI 
in excess of the amount required to form the soluble K.HglI, 
have been added. If only a few mg. of mercury are present, the 
excess of KI may be added before the HgI: has had time to pre- 
cipitate, so that the titrated solution remains clear. In this case 
not less than 5 ce. of the 0.2 m KI are added, as it has been found 
that the final titration is not satisfactory if less is present. The 
excess of KI is titrated back by adding 0.05 m HgCl: from another 
burette until a permanent red precipitate forms. Since the reac- 
tion utilized is HgCl + 4 KI = K.HgI, + 2 KCl, 1 ce. of 0.05 m 
HgCl, is equivalent in the titration to 1 ec. of the 0.2 m KI. 

In preparing the two standard solutions the 0.05 m HgCl, is 
standardized by the sulfide method, and the iodide is standardized 
by titration against it. A slight error appears to be introduced 
if the iodide solution is gravimetrically standardized and used for 
checking the mercury solution, instead of vice versa. 


In standardizing the mercuric chloride we have found the following pro- 
cedure convenient: 25 ec. of 0.05 m HgCl. are measured with a calibrated 
pipette, diluted to about 100 cc., and H.S is run in until the black precipi- 
tate flocculates and leaves a clear solution. The Hgs, collected in a Gooch 
crucible and dried at 110°, should weigh 0.2908 gm. if the solution is 
accurate, 


Both by gravimetric analyses of the basic mercuric sulfate- 
acetone precipitate and by titration, we find the mercury content 
of the precipitate to average 76.9 per cent. On this basis, each 
ec. of 0.2 m KI solution, being equivalent to 10.0 mg. of Hg, is 
0.769 

Titration is not quite so accurate as weighing but, except when 
the amounts determined are very small, the titration is satisfactory 
(see p. 483). 


equivalent to = 13.0 mg. of the mercury acetone precipitate. 


Factors for Calculating Results. 


1 mg. of 6-hydroxybutyric acid yields 8.45 mg. of precipitate. 

1 mg. of acetone yields 20.0 mg. of precipitate. 

1 ce. of 0.2 m KI solution is equivalent to 13 mg. of precipi- 
tate in titration of the latter. 
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Special Factors for Calculation of Results when 25 Cc. of Urine Filtrate, 
Equivalent to 2.5 Cc.of Urine, Are Used for the Determination. 





j 
| Acetone bodies, calculated as gm. 
| acetone per liter of urine, 

, . indicated by 
Determination performed. 


1 gm. of pre- l ce. of 0.2m KI 

cipitate. | solution. 
Total acetone bodies.* 24.8 0.322 
8-hydroxybutyrie acid vy 26.4 0.344 


Acetone plus acetoacetic acid 20.0 0.260 

* The “Total acetone bodies’’ factor is calculated on the assumption 
that the molecular proportion of them in the form 6-hydroxybutyriec acid 
is 75 per cent of the total, which proportion is usually approximated in 
acetonuria. (See for example, table on pp. 490-491). Because hydroxy- 
butyric acid yields only 0.75 molecule of acetone, the factors are strictly 
eecurate only when this proportion is present, but the error introduced 
by the use of the approximate factors is for ordinary purposes not se- 
rious. The actual errors in percentages of the amounts determined are as 
follows: molecular proportion of acetone bodies as B-acid 50, error -6.5 
per cent; B-acid 0.60, error — 3.8 per cent; B-acid 0.80, error 1.3 per cent. 


In order to calculate the acetone bodies as §-hydroxybutyric 
acid rather than acetone, use the above factors multiplied by the 

; : 8-acid 104 
ratio of the molecular weights —— = —— = ].793. In order 

acetone os 
to calculate the acetone bodies in terms of molecular concentra- 
tion, divide the factors in the table by 58. To calculate cc. of 
0.1 mM acetone bodies per liter of urine, use the above factors mul- 
bon 10,000, 
tiplied by — = 172.4. 
DISCUSSION. 


Since the cumulative results of Stadelmann (1883), Kiilz (1884), 
Minkowski (1884), and Magnus-Levy (1899) demonstrated the 
predominant réle of 6-hydroxybutyric acid in the production of dia- 
betic coma,’ need for satisfactory means of determining this sub- 


1 Stadelmann (1883) showed that an organic acid, yielding crotonic acid 
when distilled with strong sulfuric, is present in the urine in diabetic coma; 
Minkowski (1884) and Kiilz (1884) independently identified the organic acid 
as B-hydroxybutyric; and Magnus-Levy (1899) showed that the amounts 
present in the body after coma are sufficient to account for fatal acid intoxi- 
cation. It has also been show that when 6-hydroxybutyric acid is formed 
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stance has been recognized. Of the resultant methods those which 
have proven practical are of two classes, polarimetric and oxidative. 
In the former the acid is extracted with ether, either directly from 
the acidified urine (for review of such methods see Hurtley, 1916) 
or from the powder obtained by mixing it with plaster of Paris 
(Black, 1908), and the acid, which has a specific rotation of 
— 24.12°, is estimated by polarizing the extract. In the oxidative 
methods, which we owe to Shaffer, the hydroxybutyric acid is oxi- 
dized to acetone with sulfuric acid and dichromate. The acetone 
is distilled off during the oxidation and is collected and determined 
either iodometrically (Shaffer, 1908) or by determining the mer- 
cury precipitated by reaction of the acetone with Scott—Wilson’s 
mercuric cyanide reagent (Marriott, 1913, a; Kennaway, 1914), 
or, for the minute amounts obtained in 1 ce. of blood, by estimat- 
ing the Scott-Wilson precipitate with a nephelometer (Marriott, 
1913, b; Folin and Denis, 1916). 

The extraction-polarimetric method is fairly reliable. The ex- 
traction, however, is time-consuming, and the polarization re- 
quires for determining the amounts of the substance found in urine 
the most accurate and expensive type of polariscope. Further- 
more, only the 6-hydroxybutyric acid is measured, not the aceto- 
acetic acid nor the acetone, although these substances are no less 
significant of incomplete fat oxidation. 

Presumably because of these disadvantages of the polarimetric 
methods, most of the determinations reported in recent years® 
have been made with the methods of oxidation and distillation. 
The Shaffer technique requires no expensive equipment, and as 
the acetone and the acetoacetic acid, which decomposes into 
in the human organism it is accompanied by acetoacetic acid, usually in an 
amount not more than one-third that of the 6-hydroxybutyric acid, as 
well as by a small amount of acetone, whichis presumably formed by decom- 
position of the unstable acetoacetic acid. Both acids apparently occur in 
man whenever combustion of fatty acids derived from either fats or amino- 
acids is incomplete. The excreted §-hydroxybutyriec and acetoacetic 
acids may amount to as much as 36 per cent of the consumed fat (Magnus- 
Levy, 1905). 

2 A noteworthy exception is the paper by Hurtley (1916) in which 48 
hour extraction of the urine was used in routine analysis to obtain the 
hydroxybutyrie acid, the acetone plus diacetic being determined by distil- 
lation. 
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acetone on boiling, can be obtained by a short preliminary dis~ 
tillation, all three ‘“‘acetone bodies’’ can be determined in a single 
sample of urine, and with a single set of apparatus. The method 
has been, however, not entirely free from disadvantages. The 
acetone distilled from the oxidized hydroxybutyric acid is accom- 
panied by impurities which necessitate treating with alkaline per- 
oxide and redistilling before the acetone can be titrated. A more 
important drawback is the difficulty of maintaining the conditions 
necessary for constant results. As noted by Shaffer, about 10 
per cent of the hydroxybutyric acid is, under the best conditions, 
decomposed by reactions which yield no acetone. Part of the 
oxidation breaks the molecule at the 6-carbon, where the hydroxy] 
is attached, and yields other products than acetone, the chief 
among them being apparently acetic acid (see p. 474). 


CH; CH; CH; CH; 
COOH (oxidation) CH (OH) (oxidation) CO (heat) co 
| 

CH ———— CH, = > CH, wom. City 
COOH COOH COOH CO, 

2 molecules of 6-Hydroxybu- Acetoacetie Acetone and 
acetic acid. tvrie acid. acid. earbon di- 

oxide, 


As a matter of fact, the oxidation may be so conducted that most 
of the product consists of substances which yield no acetone (see 
p. 473). 

As shown by Shaffer, the yield of acetone is decreased by 
increase‘ in concentration of chromic and sulfuric acids. On 
the other hand, the speed of oxidation increases with the con- 
centration of these reagents (see pp. 469-470). Whenall concentra- 
tions are being constantly changed by removal of the water 
distilled away, and by reduction of chromic acid replaced according 
to the color changes of the mixture, it is difficult to avoid the oc- 
casional occurrence of either increased concentration of the rea- 
gents, with lowered acetone yield, or decreased concentration, 
with incomplete oxidation in the allotted time. Presumably 
because of the difficulty of controlling these factors, the Shaffer 
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determination makes unusual demands on the judgment of the 
analyst. 

It seemed possible that the difficulties might be obviated by 
precipitating instead of distilling the acetone as it is formed. 
Denigés, in an investigation of organic compounds of mercury, 
found that acetone boiled under a reflux with a solution of sul- 
furic acid and mercuric sulfate forms a crystalline mercury 
complex approximately twenty times as heavy as the acetone, and 
of extraordinary insolubility both in dilute sulfuric acid and in 
water. He recommended it for precipitation of acetone directly 
in urine, and reported a few determinations. Since then Oppen- 
heimer (1899) and Sammett (1913) have confirmed Denigés in 
tests on pure acetone solutions, and on normal urines to which 
acetone was added. Since Denigés’ precipitant, like the chromic 
acid oxidizing agent, acts in sulfuric acid solution and at boiling 
temperature, it seemed possible to reduce the oxidative deter- 
mination of hydroxybutyric acid to the simple procedure described 
in the first paragraph of this paper, eliminating both the labor 
of twice distilling the acetone and the errors attending fluc- 
tuation in the concentrations of the chromic and sulfuric acids. 
This expectation was realized only after a considerable amount of 
experimentation. 


EXPERIMENTAL. 
Removal of Glucose. 


The first obstacle encountered was the necessity for complete 
removal of glucose. Amounts of it such as are encountered in 
diabetic urines invalidate the determination of either acetone or 
hydroxybutyric acid (see p. 486). This fact probably explains 
the failure of Denigés’ method for acetone determination to at- 
tain use in urine analyses, since a large proportion of the urines 
in which it is desirable to determine acetone are from patients 
with diabetes mellitus. 

The quantitative removal of glucose was attained by use of the 
fact, discovered by Salkowski (1879), that glucose forms a com- 
plex with copper which is completely precipitated when the solu- 
tion contains a slight excess of alkali. We find that the optimum 
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alkalinity is attained by saturating the copper-glucose solution 
with calcium hydroxide. This not only causes complete precipita- 
tion of the glucose, but also precipitates all the excess copper as 
hydroxide; while of the lime itself, but little goes into solution. 
The precipitate when formed in urine also removes all of the col- 
loidal and coloring matter, as well as some unidentified substances 
which if not removed form flocculent precipitates subsequently 
with the mercury reagent. The filtrate obtained from the copper 
precipitate is water-clear, and contains other than the three acetone 
bodies only ordinarily negligible traces of substances which yield 
mercury precipitates under the conditions of the determination. 
The amount of copper used by Salkowski to precipitate glucose 
was 5 molecules, one for each hydroxy! of the glucose. We find, 
however, that a little over half as much completely precipitates 
the sugar. Precipitation is not instantaneous, but requires 20 to 
30 minutes. 

The filtrate may be tested for glucose by merely boiling a few 
ee. in a test-tube. If any glucose remains in solution it holds 
some copper with it, and the latter is reduced when the filtrate is 
boiled. The test is not increased in sensitiveness by adding 
Fehling’s or Benedict’s copper solution. A slight white precipi- 
tate of calcium salts always forms, as previously mentioned, but 
this does not obscure the yellow of cuprous oxide when any sugar 
is present, 


Experiment Showing Time Required for Complete Precipitation of Glu- 
cose.—In each of four 200 cc. flasks were placed 150 cc. of water, in which 1 
gm. of Kahlbaum’s glucose and 6 gm. of CvuSO,4.5H.O (4.3 molecules) were 
dissolved. 3 gm. of pulverized calcium hydroxide were added; each mix- 
ture was shaken for a minute or two until it became alkaline to litmus, and 
then diluted to 200 ce. After varying intervals the solutions were passed 
through folded filters. The sugar in the filtrates was determined by polar- 
izing in 2 dm. tubes. Since the polariscope could be read to +0.01°, it 
sufficed to determine any concentration of glucose exceeding 0.01 per cent. 
The filtrates were also tested for glucose qualitatively, both by Benedict’s 
method and by merely boiling, as described above, without the addition 
of any reagent. 
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IVE | ‘ . 
Interval | Glucose in 


between addi-| totation ‘inate ables | Proportion Benedict test | Reduction 
tion of lime | of filtrate in lated Sas of total glucose | for glucose in | test by boiling 
and start of | 2 dm. tube. pera pee | precipitated. filtrate. | filtrate alone. 
filtration. | _ ane 
min. | degrees per cent per cent 
l | +034 | 0.32 | 36 Th. b +e4 
5 +0.15 | 0.14 72 aie : ee 
ib | +0.03 | 0.03 4 | + | + 
30, | 0.00 | 0.00 100 0 | 0 
| 0.00 | 100 | 0 0 


| 


60 0.00 


Experiment to Ascertain the Amount of Copper Sulfate Required 
to Precipitate 1 Gm. of Glucose.—This experiment was performed 
like the preceding, except that the copper sulfate was varied in- 
stead of the time allowed for precipitation, which was constant 
at 30 minutes. The calcium hydroxide used was proportional to 
the copper sulfate. 


Rotation Reduction 


| Calcium | | Ghesose un- | G2 | 
CuS04.5H20 ee | abth ton oat aaa | See Ob 
hydroxide. 2dm. tube. | precipitated. | cipitated. | ‘onto. 
| mols. per 1 | | degrees | | 
gm. | mol. glucose. gm. egrees gm. | gm. 

2 1.44 l +0.10 | 0.200 / 0.800 a 

4 2.88 2 +0.02 | 0.040 | 0.960 | 4 

6 4.33 3 0.00 0.000 | 1.000 0 

; 5.77 t 


0.00 | 0.000 1.000 0 


It is evident that 4.33 molecules of crystalline copper sulfate 
are sufficient to completely precip#tate 1 molecule of glucose in 
half an hour. The fact that 1.44 molecules of copper sulfate pre- 
cipitate approximately 80 per cent of the glucose indicates that 
the compound precipitated probably contains only 2 molecules of 
copper per molecule of glucose, rather than, as Salkowski thought, 
1 molecule for each hydroxy] of the sugar. 


Analysis and Rotation of Calcium-Zine Hydroxybutyrate Used in 
Experiments. 


The 8-hydroxybutyric acid for all our experiments was weighed 
out in the form of the calcium-zine salt from a recrystallized and 
analyzed preparation. The calcium-zine salt was prepared by 
Dr. Vinograd-Villchur from diabetic urine by Shaffer and Mar- 
riott’s method (1913) and recrystallized three times. 
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For analysis 0.500 gm. portions were dissolved in 10 ec. of water, and 
the calcium was precipitated as sulfate by the addition of 5 ec. o! 
2 nN H2SO, and 50 ce. of 95 per cent alcohol. The mixture was allowed to 
stand over night to precipitate. The calcium sulfate was collected in a 
Gooch crucible and ignited at a low red hent. 

The filtrate was concentrated to afewee. It was then diluted to 150 ce., 
neutralized with ammonia, and the zine precipitated with 0.5 gm. am- 
monium phosphate. The precipitate was dried at 110°. 


Substance. | CaSO. | ZnNHiPOs Ca Zn 
aay ; = — 
gm. | gm. gm. per cent per cent 
0.5000 | 0.1314 | 0.1708 7.72 12.52 
0.5000 | 0.1318 | 0.1696 7.75 12.43 
Caleulated for CaZn (CyH7Os3)4..... 7.74 12.62 


Shaffer and Marriott’s method for preparing the calcium-zine 
salt yields such a beautifully crystalline product that the three 
recrystallizations were apparently superfluous. The first crop of 
crystals showed the same rotation as the last. The rotation of 
the first crop was taken on a solution containing 0.500 gm. of the 
salt in 20 ce. A 2 dm. tube with a Schmidt and Haensch spectro- 
polarimeter was used. 

— 0.77° X 20 
[a], = xu °°" 
The third crop gave the following figures: the solution used in 
this determination was twice as concentrated as the above. 


»  —1.54°X 20 RL 
[a], = 2x10 - 14 

To determine the rotation of the free acid, 0.1506 gm. of the 
salt, equivalent to 0.1210 gm. of free acid, was dissolved in 2 ce. 
of N HCl. The specific gravity of the solution was 1.040. 


20 ad 1.35° x 2.180 - 
[a]; ae ee = — 23.37° 
0.1210 * 1.040 
Magnus-Levy (1899) gives —24.12 as the rotation of the pure 


acid, and Shaffer gives —16.2 as the rotation of the calcium-zine 
salt. It is probable that our hydroxybutyric acid was slightly 
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racemized in the process of preparation. We have since found 
that a gradual loss of rotation occurs when the ether extract of 
the urine stands, and such extracts yield calcium-zine salts of low 
rotation although they give perfect analytical figures for calcium 
and zine, and likewise for 6-hydroxybutyric acid determined as 
described in this paper. 


Effect of Changes in Chromic and Sulfuric Acid Concentration. 


Increase in either chromic or sulfuric acid concentration accel- 
erates the oxidation, which by varying these concentrations can 
be made to run to completion in periods varied at will from 20 
minutes to as many hours. Shortening of the reaction period by 
increasing sulfuric or chromic acid is attained, however, at the 
cost of a lowered acetone. yield, since increase in either reagent 
increases the proportion of non-acetone products yielded by the 
oxidation. We are consequently forced to compromise between 
high yield and quick reaction time. Under the conditions upon 
which we finally settled as a routine, each molecule of 6-hydroxy- 
butyric acid yields 0.75 molecule of acetone, and the ‘entire time 
required for both oxidation and precipitation of the mercury-ace- 
tone complex is 90 minutes. The conditions have been so studied, 
however, that any one may change them, completing the reac- 
tion in 40 minutes, for example, with 60 per cent yield. In the 
other direction one can, of course, increase the yield by diluting 
the chromate at will, so long as enough is present to complete 
the oxidation. The sulfuric acid, however, cannot be very much 
more dilute than under our standard conditions, or basic mercuric 
sulfate will be precipitated along with the acetone complex. 

Experiment Showing Effect of Sulfuric Acid Concentration on the Velocity 
and Acetone Yield of the B-Hydroxybutyric Acid Oxidation.—Three sets of 
solutions were made up as follows. In each of a series of fifteen 500 ce. 
Erlenmeyer flasks were placed the following: 20 cc. of the 10 per cent 
HgSO, solution described at the beginning of this paper; 20 cc. of a so- 
lution containing per cc. 1.244 mg. of calecium-zine hydroxybutyric, 
equivalent to 1 mg. of the free acid; an amount of 17 wn sulfuric acid 
indicated in the table, and enough water to bring the total volume to 170 
ce. The flasks were connected with reflux condensers and heated. After 
boiling had begun 5 ce. of 5 per cent K.Cr.O; solution were added to each 
solution through the reflux condenser. At varying time intervals measured 
from the moment when the dichromate was added the flasks were removed 
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and cooled quickly under tap water. The precipitates were washed and 
weighed as usual. The results are given in the following table and in 


Fig. 1. 
| Concentra- Weight of precipitate formed from 20 mg. of 8-hydroxybutyric 
17 N HeSO, tion of | acid in time indicated. 
added. | H2SO,4 in 
. eS eee ein: EERO eR 
thon. | 30min. 60 min. 90 min. 120 min 150 min. 
N gm. gm. qm. gm. gm 
2 0.58 0.0982 0.1433 | 0.1676 0.1830 0.1884 
Ss Lag 0.1380 | 0.1650 0.1660 0.1708 0.1692 
16 1.94 0.1314 0.1374 0.1356 0.1364 0.1354 
0.20 


eS 
> 


4 
i) 


008 


Gm. of Precipitate 


0.04 





Minutes boiling 30 60 90 120 150 


Fic. 1. 


mpoee Prenat 


Experiment Showing the Effect of Chromic Acid Concentration on the 
Velocity and Acetone Yield of the B-Hydroxybutyric Acid Oxidation.—Each 
solution contained 10 mg. of 8-hydroxybutyric acid. The conditions 
were those described at the beginning of this paper for determination 
f of ‘‘Total acetone bodies’’ except for variations in the volume of 10 per 
cent chromate solution added. The volume of the total solution was in 
each case 175 cc. after the chromate solution had been added. The results 
are given in the following table and in Fig. 2. 
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Precipitate formed from 10 mg. B-hydroxybutyric acid after time indicated. 








7 - 
ROT ED EP RAAT Toh Ol EE EIN ae 
15 min. 30 min. 60 min. 90 min. | 120 min. 
— i a - - a —E = ——_—____——_ | — 
gm. gm. gm. gm. gm. gm. 
0.15 | 0.0506 0.0752 | 0.0848 | 0.0884 | 0.0906 
0.30 | 0.0652 0.0796 0.0846 0.0861 0.0865 


1.00 | 0.0546 0.0662 0.0656 


0.0660 — 


O10 eB 






8 0084 
5 HH 
a 
2 006 
++ 
%S 
E 004 
© 
0.02 
Minutes boiling 30 60 90 120 
Fia. 2. 


Effect of Mercuric Sulfate Concentration on Yield of Precipitate 
from B-Hydroxybutyric Acid. 


Each flask contained 175 ec. of solution with 0.25 gm. of potassium di- 
chromate and free sulfuric acid in sufficient amount to bring its concentra- 
tion to 1.70 N, or 0.85 M (approximately 1 ec. of concentrated sulfuric to 
20 ee. of solution). The mercuric sulfate was varied. 


The precipitates obtained with concentrations of mercuric sul- 
fate greater than 3 per cent were flocculent and abnormal in ap- 
pearance. This was due to contamination with the yellow basic 
mercuric sulfate which is precipitated when mercury sulfate solu- 
tions are heated without sufficient free sulfuric acid to hold all 








Donald D. Van Slyke 


Concentration of HgSO.. 


ym. mols. per liter 


 -» 
@ © 


Gm. of Precipitate 
i) 
ie)) 


Mol.conc0034 0068 01/0) 
Hg Sq, Concertration 


Fig. 3. 











Yicld of precipitate from 10 mg. 
B-hydroxybutyric acid 


After 1 hr. boiling 


gm. 
0.0638 
0.0756 
0.0828 
0.0882 
0.0974 
0.1278 





3 4 


0.133 


After 2 hrs. boiling 


0.0674 
0.0772 
0.0832 
0.1036 
0). 1492 
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the mercury in solution. The point at which the precipitation of 
the basic salt begins is shown by the sharp change in direction of 
the curves of Fig. 3 as the 3 per cent point is passed. Up to this 
point the curves are concave, approaching a horizontal position 
at a level which evidently indicates the maximtm yield of nor- 
mally composed mercury-acetone precipitate. Beyond this point, 
hewever, the curves suddenly shoot upwards, in a manner ex- 
plainable only by the formation of a new precipitate having no 
relation to the acetone present. 

Control experiments with only sulfuric acid and mercury sul- 
HgsO, 
H.SO, 
than that prevailing at the 3 per cent experiment (approximately 
1:8 in molecular proportions) precipitation of the basic mercuric 
sulfate occurs, with or without the presence of acetone. If the 
H,SO, concentration is increased, the HgSO, can also be raised. 
The yield of precipitate from 6-hydroxybutyric acid is diminished 
rather than increased, however, because of the previously discussed 
effect of sulfuric acid in diminishing the acetone yield. Thus, 
with 2.5 instead of 1.7 n H.SO, the mercuric sulfate concentration 
can be raised to 5 per cent without precipitation of basic sulfate, 
but the yield of acetone precipitate is 10 per cent less than in the 
above experiment. 


fate confirmed this explanation. With a greater ratio 


Influence of Temperature on the Yield of Acetone from B-Hydroxy- 
butyric Acid. 


In preliminary experiments to determine the yields of precipi- 
tate from varying amounts of 8-acid it was found that in a given 
set of determinations run simultaneously with from 1 to 50 mg. of 
8-hydroxybutyric acid the yield of precipitate per mg. of acid was 
constant. Different sets of determinations run on different days, 
however, gave results which varied considerably, and we were for 
2 time at a loss to explain this. The clue was finally given by two 
series, for both of which the solutions, including the dichromate, 
were mixed early one morning. One series was boiled in the morn- 
ing and gave an average of 8.0 mg. of precipitate per mg. of acid. 
The other stood at room temperature until afternoon before it 
was boiled. In this series the yield of precipitate per mg. of hy- 


7 ¢ 


droxybutyric acid was 7.2 mg. It appeared possible that in the 
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solution standing the longer time at room temperature a partial 
oxidation of the 8-acid had occurred, and that at the low tempera- 
ture the reaction took chiefly the path yielding products other 
than acetone. The following experiment shows that this ex- 
planation was correct. 


The solutions were made up with reagents in the proportions described 
at the beginning of this paper for the routine method for ‘‘ Total acetone 
bodies.’’ The dichromate, however, was added before the solutions were 
heated, and allowed to act for varying periods at room temperature. The 
solutions were finally boiled under reflux for 1 hour, so that the intact 8-acid 
would be oxidized in the usual manner. The amount of 8-acid present was 
18.04 mg. The following results were obtained: 


Precipitate yielded on subsequent 
boiling for 1 hour. 
Period of preliminary oxidation at room temperature. 


From 18.04 mg. Per gm. B-acid 


-acid. | 
gm. | ym 
0 0.1480 8.21 
(Dichromate added through reflux to 0.1482 8.22 
boiling solution. ) 
Dichromate added just before heating 0.1432 7.94 
began. 0.1432 7.94 
3 hours. 0.1274 7.06 
0.1270 7.04 
 « 0.0374 2.07 
0.0384 2.13 


In 20 hours at room temperature three-fourths of the 8-acid is 
destroyed by reactions which yield no acetone. Even when heat- 
ing was begun immediately after the dichromate was added the 
portion of the oxidation that occurred before boiling temperature 
was reached reduced the acetone yield by 3 per cent. It was evi- 
dent that low results must be encountered when any of the oxida- 
tion occurs at temperature below the boiling point. After this 
was discovered the routine precaution was introduced of adding 
the dichromate through the reflux condenser after boiling had 
begun, and the inconsistencies between different sets of determi- 
nations disappeared. 
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The Volatile Fatty Acid Formed by Oxidation of B-Hydroxybutyric 
Acid. 


As pointed out on page 463, the structure of 8-hydroxybutyric 
acid leads one to expect it to break partly in the middle on oxida- 
tion, yielding two molecules of acetic acid. 


In order to obtain the volatile acid for analysis 0.5 gm. of the caleium- 
zinc salt was mixed with 170 ec. of water containing 20 cc. of the 50 volume 
per cent sulfuric acid and 20 ce. of 5 per cent potassium dichromate. The 
mixture was allowed to stand 48 hours inthe cold. All the conditions, high 
sulfuric and chromic acid concentration and low temperature, tend to a 
low yield of acetone and high yield of the non-acetone products. 

The solution was concentrated under diminished pressure to about 50 
ce. and the distillate titrated with phenolphthalein as indicator. It was 
sulfate-free and neutralized 37.7 cc. of 0.1 N sodium hydroxide. The total 
B-hydroxybutyric acid present at the start would have neutralized 38.6 
ec. The yield of volatile acid was therefore one molecule from one mole- 
cule of B-hydroxybutyrie acid. 

The distillate, after being neutralized by the titration, was concen- 
trated to about 20 ce., poured into 80 cc. of absolute alcohol, and 0.5 gm. of 
silver nitrate in alcoholic solution was added. The white precipitate which 
formed was washed in a centrifuge with alcohol and ether. It weighed 
0.35 gm., and gave the following figures on analysis. 

0.3012 gm. of substance gave 0.2017 gm. Ag. 


Calculated for Found: 
AgCeoH302: 
EA Rey eee fil ee EEE eS ae re re 64.7 66.9 
Calculated for 
AgCHOs: 
Ag et er Perera: EOE rk an See ee ee 700 


The precipitate darkened quickly when exposed to light. This 
behavior and the analysis indicate that it was silver acetate, ac- 
companied by a smaller amount of formate. 


Experiment Illustrating Conditions for Determination of B-Hy- 
droxybutyric Acid in 30 Minutes. 


Oxidation and precipitation are accomplished most quickly 
with a high concentration of sulfuric acid and low mercuric sulfate. 
Solutions were made up as follows: 
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Volume Stanko erkAacanaeneen hc dts 65s cx atthe sag cas Pore  ' * 
H2SO,.. Se aie kOe lating ke eee Creer 
isa) es io are ie a se veesececeses. 200 gm. = 1.14 per cent 
8-Hydroxybutyric acid re Ate he Peers 
S| a ree ee. rere ee rere 


The dichromate (5 cc. of 5 per cent solution) was added through 
the reflux condenser in each case after boiling had begun. The 
flasks were removed from the flame at intervals and cooled under 
the tap. The yields of precipitate are shown below. 





Yield of precipitate. 
Time of boiling. 


From 20 mg. B-acid. 





Per gm. §-acid. 





hrs. gm. | gm 
0.5 0.1318 6.59 
1.0 0.1310 6.55 
1.5 0.1322 | 6.61 
2.0 0.1318 6.59 
3.0 | 6.49 


0.1298 


Both oxidation and precipitation were complete in 30 minutes. 
Since precipitation of acetone requires at least 15 minutes, it is 
evident that the oxidation itself must have been finished in about 
15 minutes. The yield per gm. of 8-acid, however, is only 6.6 gm., 
indicating the formation of but 0.60 molecule of acetone from each 
molecule of 8-acid. Under the conditions chosen for routine work 
and described in the first part of this paper (2 per cent HgSO,, 
1.65 N H2SO,) 15 hours of boiling are required, as shown below, 
to finish the precipitation, but the yield is 0.75 molecule of acetone. 


Time Required for Complete Oxidation and Precipitation under 
Conditions Chosen for Routine Determination. 


20 ec. portions of a solution containing 1.122 mg. of calcium- 
zine hydroxybutyrate, or 0.903 mg. of hydroxybutyric acid, per 
ec. were treated in the manner prescribed for urine filtrate in 
“Determination of total acetone bodies” at the beginning of this 
paper. Only the period of boiling was varied as indicated in the 
following table. 
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Yield of precipitate. 





Time of boiling. | aoa Re — 
From 18.06 mg. of Per gm. of 








P | 8-hydroxybutyriec acid. B-hydroxybutyric acid. 
i Ars. gm. } gm. 
1 0.1478 8.19 
0.1464 8.11 
# 1.5 | 0.1518 8.41 
be 0.1506 8.35 
2.0 | 0.1512 | 8.39 
a | 0.1508 | 8.36 
- It is evident that both oxidation and precipitation are com- 
; plete in 1.5 hours. In 1 hour the precipitate is 98 per cent of that 
¥ obtained after 1.5 or more hours. 
ra 
a The Effect of Filtering Hot versus Filtering Cold. 


Sg eel 
ee as 


Determinations were performed with solutions made up exactly 
as in the above experiment. The boiling was continued 1.5 hours 
in all cases. In one pair of determinations the precipitate was 
filtered immediately after the flame was turned out, while the so- 
lution was still boiling hot. In the other pair the solution was 
allowed to come to room temperature before it was filtered. 
In both cases cold wash water was used. 





Yield of Precipitate from 18.12 Mg. of B-Hydroxybutyric Acid. 


| 














Filtered hot. Filtered after cooling. 
gm. gm. - 
0.1494 0.1512 
0.1502 0.1510 
Average.. 0.1498 4 0.1511 
fi It appears that the hot liquid holds in solution about 1 mg. of 
" mercury-acetone complex which adds itself to the precipitate when 
3 the mixture is cooled before filtering. The difference is so slight 
i that it may in ordinary analyses be disregarded, and the precipi- 
tate filtered either hot or cold according to convenience. 
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Yield of Precipitate from Varying Amounts of 8-Hydroxybutyric 
Acid. 


Under the conditions chosen for routine determinations the yield 
of precipitate is approximately 8.45 gm. per 1 gm. of 8-hydroxy- 
butyric acid, and the ratio is not affected by any variations in the 
amount of 8-acid present that are within the maximum amounts 
encountered in urine analyses. 








8-hydroxybutyric acid. Yield of precipitate 

> Co = ne di ii oa Per 1 - . 

Present. amount im wine. Total. B-nydecxybutysie acid. 

gm. per cent gm. | gm 

0.001 0.04 0.0084 8.4 

0.0084 8.4 

0.0088 8.8 
0.0086 8.6 

0.005 0.20 0.0422 8.44 
0.0424 8.48 

| | 

0.010 0.40 0.0844 8.44 
0.0834 8.3 
0.0850 | 8.50 
0.0835 8.35 

| 

0.050 2.00 0.4336 | 8.42 
0.4364 | 8.45 
0.4396 | 8.49 
0.437 8.47 

0.100 t_ 00 0.9060 9 06 
0.8950 8.95 


For amounts of 8-hydroxybutyric acid equal to those which 
would be encountered in urines containing up to 2 per cent of the 
acid, the factor is constant at approximately 8.45 gm. of precipi- 
tate per gm. of acid. When 4 per cent of 6-acid is present the 
factor is increased to 9.0; but since more than 2 per cent has, so 
far as we know, never been reported for a human urine, the factor 
8.45 may be taken for all urine analyses. 

With one mercury solution, made up from one of the cheaper 
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brands of mercuric sulfate, the 8-hydroxybutyrie acid factor was 
consistently lower, only 7.6 gm. of precipitate per'1 gm. of B-acid. 
The factor for pure acetone was not affected. Apparently the 
mercuric sulfate contained an unidentified impurity which affected 
the course of the oxidation. All the brands of red mercuric oxide 
which we were able to obtain gave consistent results, agreeing 
with those obtained with Merck’s ‘‘reagent’’ mercuric sulfate, 
and consequently we have specified red mercuric oxide rather 
than mercuric sulfate in the directions for making up the mercury 
solution. 










Time Required for Complete Precipitation of Acetone. 






Solutions of acetone were treated as described for urine filtrates 
at the beginning of this paper, under “ Determination of acetone 
and acetoacetic acid”’ except that the time of boiling was varied. 
The amount of acetone present was approximately 10 mg.°(10 ec. 
of a 0.1 per cent solution made up by weight from Kahlbaum’s 
“‘acetone from the bisulfite compound’’). The flasks were cooled 
under the tap as quickly as possible after the period of boiling 
was over. 
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ig a ee 
oe i Time of boiling. Yield of precipitate. 
if | ade 
: min. gm. 
# 5 0.1776 
e? 15 0.1940 
q 0.1958 
ee 
. 30 0.1962 
ao 0.1996 
2 
. 60 | 0.1960 
0.1976 
i Yield of Precipitate from Varying Amounts of Acetone. 
4 
} This experiment was conducted like the preceding, except 
¥ . ope ° 
‘ that the time of boiling was kept constant at 30 minutes, the 
i amounts of acetone being varied. Kahlbaum’s “acetone from the 
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bisulfite compound”’ was dried with fused calcium chloride and 
redistilled, the first and last fractions being rejected and the mid- 
dle fraction used for the following determination. 


0.9670 gm. of this acetone was weighed out into a stoppered flask con- 
taining 50 cc. of water. After mixing, the solution thus obtained was di- 
luted to 2 liters, so that 1 cc. contained 0.4835 mg. of acetone. 20 cc. of 
this solution were diluted to 200, and portions of the diluted solution used 
for the determinations of acetone amounts below 2 mg. The determina- 
tions were carried out as described for ‘‘ Acetone and acetoacetic acid”’ at 
the beginning of this paper. 


Yields of Precipitate from Varying Amounts of Acetone. 











Acetone. Precipitate. a ee 7 
mg. | ; wei mg. | mg. 
0.242 4.4 1.6 19.0 
4.8 | | 
| 
0.484 9.6 | 9.6 | 19.8 
9.6 ° 
0.967 20.0 19.8 | 20.5 
19.6 
1.934 | 40.4 40.2 20.7 
40.0 
2.901 57.6 58.1 | 20.0 
58.6 
} 
3.868 78.2 | 78.1 | 20:2 
78.0 
| 
4.835 96.0 95.4 | 19.74 
94.8 
| 
| 
9.670 | 189.8 | 190.5 19.70 
| 191.2 
| | 
19.31 377.5 377.7 19.55 
377.9 





Under the condition for the determination of acetone and aceto- 
acetic acid the yield of precipitate is, within the limits of 
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analytical error, 20 mg. It falls slightly below 20 with the larger 
amounts, but for urine and blood analysis, where 150 mg. is the 
maximum precipitate from acetone and acetoacetic acid, the fac- 
tor 20 may be taken throughout without causing significant error. 


Composition of the Precipitates Obtained from B-Hydroxybutyric 
Acid, and from Acetone in Absence and Presence of 
Chromic Acid. 


50 ce. portions of solutions containing approximately 1 mg. of 8-hydrox- 
ybutyric acid or 0.5 mg. of acetone per cc. were precipitated as described, 
.: for the determinations in urine filtrates, of 6-hydroxybutyric acid, total 
| acetone bodies, and acetoacetic acid. The precipitates were weighed in 
Gooch crucibles, then transferred with the &sbestos to beakers, where 





3 ; they were dissolved in 20 ec. portions of normal hydrochloric acid. The as- 
i bestos was filtered out, the washings diluting the solutions to about 100 ec. 
Li The mercury was precipitated as s::lfide and dried to constant weight at 
= 110° in Gooch crucibles. The filtrate from the sulfide was boiled free of 
: : H.S, and the SO, was precipitated by slow addition of 10 ce. of 5 per cent 
$3 arium chloride to the hot solution. The BaSO, was ignited and weighed 
4 in Gooch crucibles. The filtrate from the barium sulfate was freed from 
barium by addition of sulfuric acid, and any chromate which might have 


escaped reduction by H.S was reduced by boiling with aleohol. The chro- 





¥ mium was then precipitated as hydroxide with ammonia, was ignited 
= . . . . rm . . . 
fF to CreO;, and weighed in platinum crucibles. The results are given in 
i the accompanying table. 

: It is evident that, when chromic acid is present in the concen- 


ci nee mu 


trations used, mercuric chromate or dichromate replaces about 
one-fourth the mercuric sulfate in the precipitate. The mercury 
content of the precipitate is but little affected, ranging from 76.6 
to 77.0 per cent, whether or not chromate is present and whether 
the precipitate arises from preformed acetone or from acetone 
from hydroxybutyric acid. 

The composition in the absence of chromate is most nearly in- 


Pot > pent? 





2% 
a 


av 


i dicated by the formula 3HgSOs.5HgO.2(CHs3)2CO, which agrees 
Tm closely with the observed figures for SO, and Hg but indicates 5.5 
i per cent of acetone instead of the 5.0 per cent (shown by the 1:20 
i ratio of acetone to precipitate) which is the maximum that can be 
4 present if all the acetone is precipitated and none destroyed. 
it Denigés (1898) gave 2HgSO,..3HgO.(CH3)sCO, which, however, 
F indicates 14.8 per cent SO,, instead of the 13.71 to 13.97 which 
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we find, and only 4.6 per cent of acetone. It appears that the 
composition varies somewhat according to the conditions under 
which the precipitate is formed. 


Composition of Precipitates. 





| Precipitates from 50 Precipitates from 50 ce. 


Precipitates from_ 50 ce. of B-hydroxybu- | ce. acetone solution| acetone solution boiled 
tyrie acid solution boiled with chromic | boiled in presence of | without chromic acid, 
acid as in determination of B-hydroxy- | chromic acid, as in as in determination of 
butyric acid. | determination of total acetone plus  aceto- 

| acetone bodies. acetic acid. 
| | | 
gm gm. gm. gm. | gm. gm. gm. gm. gm. 


Mercury-ace- | 
tone pre- 
cipitate |(0.4532\0. 452810 451010. 48840. 4858)0. 48700 4776\0.4766\0 .4742 


Hgs. (0.4052)0. 4044) 0 4010.0 .4316)0 43160 4373/0 4246/0 .4232'0.4198 
BaSO, 0. 1184)0. 1186)0. 11780. 1184/0. 118410. 1186)0. 1621/0 .1598'0. 1600 


ore 0 01780 0186)0 0175) (0.021510 0217| — 


| per cent! per cent|per ce nt\ per cent per cent\per cent) per cent|per cent| per cent 
| } | } 


Hg 77.10} 77.01| 76.60) 76.10) 76.58) 76.58) 76.60) 76.58) 76.30 
SO, 10.76) 10.78 10.75) 9.97) 10.02} 9.94) 13.97| 13.71] 13.88 
CrO,.........| 5.98] 6.27] 5.921 6.78! 6.811 — | 0 0 0 


Molecular Proportions. 
Average of three determinations. 


Hg 8.00 8.00 8.00 
304 nie 2.35 2.18 3.02 
CrO, by 1.09 1.23 0 

CrO, + SO, 3.44 3.41 3.02 
Cr.0;+S0,.. 2.90 2.80 3.02 


When chromate enters the composition it is possible, because 
of the well known tendency of CrQOQ, salts to form isomorphous 
erystals with SO, salts, that the chromium is in the form CrO, 
rather than CreO;. It is impossible to decide the point from the 
analytical figures, however. If the Cr is caleulated as CrO,, the 
combining power of CrO, + SO, is greater (3.4 molecules) than 
that of SOQ, alone (3.0 molecules) when no chromate is present. 

The absolute amount of Hg, as well as of the total precipitate 
vielded by a given amount of acetone, is also increased by the pres- 
ence of chromate (average precipitate = 0.487 gm. with chromate, 
0.476 without; HgS yields being 0.431 and 0.422 gm. respectively 
from these precipitates). It therefore appears that the HgCrO, 
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or HgCr,O-; not only replaces about one-fourth of the HgSO, in 
the acetone precipitate, but is also added onto the precipitate 
sufficient to increase by about 1 part in 40 the weight of the pre- 
cipitate yielded by a given amount of acetone. 

As the result of this fact it would be logical in the calculation 
of the results of ‘Total acetone body”’ determinations, in which 
chromate is used, to employ the factor 20.5 rather than 20 in esti- 
mating the results. It is a matter of empirical observation, 
however, that when acetone and 8-hydroxybutyric acid are thus 
determined together, there seems to be a slight compensating 
error, so that the precipitate does not exceed by more than the 
limit of experimental error the sum of the precipitates obtained in 
determination of the two substances separately (see table on p. 
490). We have therefore used the factor 20 throughout for cal- 
culating acetone. 


Titration of Mercury in the Precipitates. 


The mercury-acetone precipitate can be readily dissolved in 
warm dilute hydrochloric acid and estimated by titration of the 
mercury, since, as shown above, the mercury content is approxi- 
mately constant at 76.6 to 77.0 per cent. Denigés (1898) himself ti- 
trated by adding to the mercuric salt solution an excess of 0.1 N 
KCN, and titrating with 0.1 nw AgNO; the cyanide in excess of the 
amount required to form Hg(CN)e. Sammett (1913) did not get 
satisfactory results with the method. We have tried the Volhard 
titration of the mercury with sulfocyanate. Although it gave 
excellent results with pure mercuric sulfate solution, it was not 
even approximately accurate with the redissolved acetone precipi- 
tate. We have, however, like Willaman (1916), obtained good 
results with the old method of Personne (1863). 

The following results obtained with the technique already 
described on pages 459-460, indicate the degree of accuracy of the 
titration. 


Effect on 8-Hydroxybutyric Acid of th. Reagents Used in Deter- 
mining Acetone and Acetoacetic Acid. 


Even without chromic acid, 8-hydroxybutyric acid when sub- 
jected to prolonged boiling with sulfuric acid and mercuric sulfate 
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splits off a little acetone and yields a weighable precipitate. The 
amount formed from pure 6-acid however is not measurable if 
the time of boiling is kept below 45 minutes. Nor does presence 


Results Ootained by Titration of the Mercury in the Acetone Precipitates, 


8B-hydroxy- | Amount of 

butyric acid | precipitate 

B-hydroxy-| Wt. of 0.2 0.05 iat calculated | calculated 
butyric from from 


| oi a 4 . ° - : ; 
| precipitate KI. HgCle. 0.2m KI. staceittine Gate lbbtiedition Yulin 


cess cess 


inl X 1.538). | KI & 13.0). 


acid. 


Standard solutions of caleium-zine salt of B-hydroxybutyric acid. 


2 5.00 | 3.70 | 1.30 2.00 . 
2 5.00 | 3.65 | 1.35 | 2.07 

2 5.00 | 3.70 1.30 2.00 

10 | 86.2 | 8.00 | 1.45 | 6.55 | 10.07 85.2 
10 86.0 8.00 | 1.50 6.50 | 10.00 84.5 
20 171.4 15.00 2.00 13.00 | 20.00 169.0 
20 169.2 15.00 2.25 12.75 19.61 | 164.8 
30 21.00 1.15 19.85 | 30.53 

30. | 21.00 1.30 | 19.70 30.24 

50 35.00 1.90 | 33.10 |* 50.91 

50 : 35.00 1 


75 33.25 51.13 —_ 


Precipitates from total acetone body determinations in urines. 


69.6 8.00 | 2.85 | 5.15 66.9 

67.6 8.00 2.90 5.10 66.3 

70.8 | 8.00 2.75 | 5.25 68.3 

138.0 | 12.50 | 2.35 | 10.15 | - 132.0 
— | 140.4 12.50 | 1.80 10.70 , 139.1 
— | 82 55.00 2.90 aei + 677.5 
— | 645.0 55.00 5.40 


= 49.70 | 646.0 
. | oy | a he 





of the 6-acid appreciably affect the results of the acetone deter- 
mination if in the latter the period of boiling is kept under 45 
minutes. 


Experiment.—250 ec. of water, 0.500 gm. of calcium-zine hydroxybuty- 
rate, 100 ec. of the 20 per cent CuSO,4.5H.O solution, and 10 gm. of calcium 
hydroxide were made up to 500 ec. and filtered, as in the preparation of 
urine for analysis. Of the filtrate 25 cc. portions were treated in Nos. 1 and 
2 as described at the beginning of this paper for ‘‘ Acetone plus acetoacetic 
acid’’ and ‘‘g-hydroxybutyrie acid’’ determinations, the only variation in 
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technique being in the duration of the boiling period for the acetone plus 
acetoacetic acid determination. In Nos. 3 and 4, 10 ce. portions of 0.102 
per cent acetone were added, while 5 and 6 serve as control analyses of the 
acetone alone. 


Yield of precipitate. 


8-hydroxybutyric 


Acetone determination acid determination 
(no dichromate). | (boiled 90 min. with 
| . dichromate). 
No. |Acetone) B-acid PE OO 8! TE he bea ae 
. present.) present. | : a { P : 
Boiled 45 min. | Boiled 90 min. 
sccebepsnetinaithiaieiabanaacdiietdia Recmaanniiaandat : ir B-acid 
| | Acetone | | Acetone : a — 
| Precipi- j|caleulated| Precipi- | calculated cael cipit e 
tate. ‘from pre-} tate. from pre- | 
| | cipitate. | cipitate. | 
mq. mg. gm. | mg gm. ma. gm. mg. 
1 0 | 20.1 | 0.0000 0 | 0.0032} 1.62 | 0.1684 19.9 
2 0 | 20.1 | 0.0002 0 | 0.0048 | 2.43 | 0.1720} 20.3 
3 | 10.2} 20.1 | 0.1998} 9.99 | 
ft 110.21 20.1 | 6.2006) 10.36 | 
5 | 10.2 | 0 | 0.2022; 10.11 | 
6 |10.2}| oO |9. | 
' ' 


2012 | 10.06 


Determination of 8-Hydroxybutyric Acid by Heating at 100° in 
Pressure Bottles. (Alternative to Boiling under Reflux). 


Oppenheimer (1899) and Sammett (1913) found that acetone 
could be determined by heating with the mercury reagent in a 
pressure bottle immersed in a water bath as well as by Denigés’ 
original method of boiling under a reflux. 8-hydroxybutyrie acid 
also may be determined by carrying out the oxidation and pre- 
cipitation in a pressure bottle, and this technique may be used as 
an alternative to boiling under a reflux. Because of the lower 
temperature of oxidation, a greater part of the 8-acid is converted 
into products other than acetone, so that the yield of precipitate 
is only three-fourths as great as when the reflux is used. The re- 
sults also are less constant, but it appears that when reflux appa- 
ratus is not available pressure bottles may be used if a high de- 
gree of accuracy is unnecessary. The following experiment shows 
that precipitation is completed about as quickly in the pressure 
bottles as under the reflux. 


Portions of 10 mg. of 8-hydroxybutyric acid were placed in 400 cc. bottles 
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with patent clamps (ordinary magnesium citrate bottles) with the reagents, 

including dichromate in the amounts previously prescribed for the deter- 

mination of 6-hydroxybutyric acid. The bottles were closed and nearly 

covered with cold water in a large kettle. The water was heated to boiling 

as quickly as possible. At stated intervals, measured from the moment . 
when boiling began, bottles were removed, and the precipitates which 

had formed were collected and weighed in Gooch crucibles. 


Precipitate. 
Time. | am — 
| Weighed. } Per gm. §-acid. 

hrs. } gm. | gm. 
0.5 | 0.0372 | 3.72 
1.0 0.0576 5.76 
1.5 0.0666 6.66 
2.0 0.0646 6.46 
2.5 | 0.0664 6.64 
3.0 | 0.0668 6.68 
3.5 | 0.0646 6.46 
4.0 | 0.0648 6.48 





The following yields were obtained from varying amounts of 
8-hydroxybutyric acid, the time of heating at 100° being uniform 
at 2 hours. 


> > be . 
8-hydroxybutyric acid Precipitate 





present. Precipitate. per gm. Phecpenyoutytic 

mg. mg. gm. 
2 14.8 7.4 
14.8 7.4 

10 | 61.8 6.18 

| 60.4 | 6.04 

50 | 346.2 6.92 

346.6 6.93 








It is evident that although good duplicate determinations with 
a given amount of 8-hydroxybutyric acid are obtained, the yield 
of precipitate per gm. of the acid varies much more with different 
amounts of the acid than when the reflux condenser is used. In 
case it is necessary to use the pressure bottle, 6.5 gm. of precipitate 
per gm. of 6-hydroxybutyric acid may be taken as the average 
yield, but variations of 10 per cent in the results must be expected, 








f 
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unless the pressure bottle technique is worked out in more detail 
than it has been as presented here. 











Added to 10 mg. 8-hydroxybutyric acid. 





Substance. Amount. 








' } 
| my 
0 0 
0 0 
Lactic acid....... 10.0 
a cal POE 50.0 
Mo iscy kai ks ne 50.0 
Creatine..... AGiats 5.0 
Uric acid....... 5.0 
ee ae 20.0 
: Ee eee 100.0 
ag) eee ee ed 200 .0 
Beh 5 rg G5 ahd 500.0 
Thymol..........|To saturate 2.5 
| ee. 
oo | 2:5 
aU ee ere 10.0 
Ethyl alcohol... . .| 2.5 
= - es 10.0 


? BE ing 100.0 


| 


|Corresponding to con-| 
| centration In urine} 


sample. 


per cent 


| 20.0 
| Saturated 
| lution. 
0.1 
0.4 
0.1 
0.4 
4.0 





sOo- 


| 


: stance. 
3 | 3 
ae Oe. 
mg. mg. 
84.8) 
 — 
91.4; +6.6 
161.6) +76.8 
84 6) 0 
89.2} 44.4 
86.8) +2.0 
80.8) —4.0 
| 66.8). —39.8 
| 841.0) +756.2 
| 233 .2|/4-2251 .4 
107 0 +22.2 
101.8 17.0 
133.2 48.4 
80.6} —4.2 
118.6 33.8 





1004. 


Effect of Other Organic Substances on the Results of the 8-Hydroxy- 
butyric Acid Determination. 


Routine 8-hydroxybutyric acid determinations were performed 
on solutions containing 10 mg. of 6-hydroxybutyric acid with and 
without the addition of other organic substances which either occur 
naturally in urine or might be added to it asantiseptics. 


Effect on precipi- 
tate of added sub- 


6| ad 
6 +919.8 








Effect per 1 mg. 
° | added substance. 


3 


! 


+6 


+4. 


—1 


+3. 
+9.3 


m0 ttm © 





ee) 


“I 


bo bo 





* Required 0.6 gm. K,Cr.0;. 
** Required 0.9 gm. K,Cr.Oy;. 


Urea in the amounts ordinarily present in urine has no effect 
on the yield of precipitate. Creatine (which would be converted 
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at least partially into creatinine by the boiling in acid), lactic 
acid, and uric acid give precipitates, but not to such an extent 
that the amounts ordinarily encountered in urines would signifi- 
cantly affect the results obtained in ketonuria. Glucose has a 
peculiar effect. Amounts less than 0.1 gm. apparently interfere 
with the oxidative formation of acetone, as they reduce the yield 
of precipitate from the 6-hydroxybutyric acid. Amounts over 0.2 
gm., corresponding to 8 per cent glucose in a urine sample, yield 
enormous precipitates. If a solution of pure glucose is boiled 
with the reagents to determine acetone or hydroxybutyric acid, 
the solution may remain clear for 20 to 30 minutes but eventually 
a precipitate begins to form and increases rapidly. It is evident 
that glucose must be removed before the determination is per- 
formed, and we have consequently introduced its precipitation by 
copper into the routine technique. 

The effect of alcohol is like that of glucose; small amounts 
decrease the yield of precipitate, larger amounts enormously in- 
crease it, doubtless from the formation of acetaldehyde. As only 
2 mg. of alcohol appreciably affect the results, care must be taken 
that none of the flasks or pipettes used in the analysis are wet 
with it. 

Neither thymol nor phenol (nor of course formaldehyde) may 
be used as preservative for urines which are to be used for these 
determinations. 


Analyses of Normal Urines. 


The following analyses show the range of results for total ace- 
tone bodies that may be obtained with normal urines. The urea 
plus ammonia nitrogen is given as an indication of the concentra- 
tion of the urine. 

The maximum is 0.28 gm. per liter calculated as acetone or 
0.50 gm. per liter calculated as 6-hydroxybutyric acid. If no 
corrections were made for the blanks, the largest precipitate ob- 
tained, 16.8 mg., would indicate 0.42 gm. per liter calculated as 
acetone, or 0.75 gm. per liter calculated as 6-hydroxybutyric acid. 
While peculiar diets could doubtless cause higher figures, these may 
be taken as the maxima likely to be encountered in normal men 
under usual conditions. 
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| Precipitates from 25 ce. filtrate, equiva- 3 
lent to 2.5 cc. urine. F 
= ‘BS = 5 
g ba 5 3 
m4 a C a 
Subject. 5 a5 8 ¢ 
53 Blank 4 | 3 5 
28 preci pitate. os o8 S 
4 pe. a’ = 
38 28 3 8 
$3 $3 Sz £ 
= & - 5 
mg mg: mg gm. per liter | gm. per liter 
.. te re: 3.0 1.4 1.6 0.04 5.77 
$c.8.C 1.0 2.8 1.8 0.04 9.45 
3. J. A. P 2.0 2.1 0.1 0.00 7.28 
i re 5.0 | 4.3 0.7 0.02 0.24 
CS 2 Sa 5. 4.5 1.3 0.03 9.57 
Se ee 5.0 | 3.3 1.8 0.04 0.80 
7. R.I 9.8 | 3.8 6.0 0.15 4.82 
8. W. T.. 1.7 | 5.6 6.1 0.15 9.92 
9. H. M...... 10.6 5.4 5.2 0.13 1.20 
10. E. S.. 3.2 2.9 0.3 0.01 1.87 
2 Bk 5.5 2.4 3.1 0.08 2.15 
i S Se 4.8 3.6 1.2 0.03 S.47 
ee 11.8 8.2 3.6 0.09 -- 
14. A. M. L. 16.0 5.0 11.0 | 0.27 1.87 
15. E. T. 12.2 5.4 6.8 | 0.17 ~~ 
16. R. F. 15.2 4.0 11.2 | 0.28 
17. W. T. 16.8 6.0 10.8 | 0.27 ao 
Oe a a ws cave 15.2 | 6.4 | 8.8 0.22 ~- 
is eee 06 | 90 | 1.6 0.04 _ 
20. D.O 68 | 26 1.2 0.10 7.61 
21. W. J 8.8 | 4.4 4.4 0.11 9.07 
% 6 %............) BD | 2 9.8 0.24 8.81 
PAs encducoad 5.0 | 8 3.0 0.07 | 5.32 








The maximum blank determination yielded 9 mg. of precipitate 
equivalent to 0.22 gm. per liter of acetone, or 0.40 gm. per liter 
of hydroxybutyric acid. 

We have also performed a considerable number of blank de- 
terminations on diabetic urine. The blanks average about the 
same as in normal urines (see table on p. 490). 
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Analysis of Urine to Which Glucose, 8-Hydroxybutyric Acid, and 
Acetone Were Added. 


3 gm. of glucose, 0.195 gm. of acetone, and 0.3182 gm. of 8-hy- 
droxybutyric acid (0.3952 gm. of calcium-zine salt) were dis- 
solved in 50 ce. of normal urine. The urine solution was poured 
into a 500 ce. flask, diluted with 200 ce. of water, and treated with 
100 cc. of 20 per cent copper sulfate solution plus an excess of 
calcium hydroxide in the usual manner. 25 ce. portions of the 
glucose-free filtrate, equivalent to 2.5 ec. of the urine, were used 
for determinations performed as described at the beginning of the 


paper. 


Acetone plus Acetoacetic Acid Determination. 





Precipitate from | Precipitate from 


urine plus add- added sub- acetone calculated | 


| from precipitate. | Acetone present. 


Precipitate from | 
urine alone. | 











ed substances. stances. | 
gm. gm. gm. per cent et iy per cent 
0.0014 | 0.1932 | 0.1918 | 0.383 | 0.390 
| 0.1928 | 0.1914 | = 0.383 
B- Pa Acid Determination. 
| Precipitate from | Precipitate from |A-bydroxybutyrie| _ 
Pessipeiate from | a plus add- added sub- | — calculated \B- poo butyric 
urine alone. | ed substances. stances. | = | ectd peesent. 
gm. gm. | gm. per cent | per cent 
0.0028 0.1380 | 0.1352 0.640 0.6364 
ore « | »90 
0.1372 0.1344 0.638 


r otal Acetone Bodies. 








Precipitate calculated 


Precipitate from added) * .° acetone X 0.0200 


Precipitate from urine} ‘Previpitate from urine 











alone plus added substances. substances. plus B-acid 0 0045. 
snainistiats raientenentectecsninaierati 
gm. | gm. } gm. gm. 
0.0040 0.3280 0.3240 0.3295 
0.3284 0.3244 -. 


Analyses of Diabetic Urines. Comparisons of Results with Those by 
Black’s Extraction-Polarization Method. 


The data in the following table show the nature of the results ob- 
tained in conditions varying from normal to diabetic ketonuria with 
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a nearly maximal concentration and output of acetone bodies per 
kilo of body weight. The figures are from a patient whose alkaline 
reserve curves, diet, etc., are given in Chart 6, page 424, of Paper 
VI. All the data on this case taken together illustrate the course 
of an acidosis and ketonuria, both initially intense, and both suc- 
cessfully treated by a low calorie meat diet gradually decreased 
to a complete fast. It may be noted that the patient’s clinical 
condition followed the alkaline reserve rather than the ketonuria. 
The patient, at first with acute gastric, respiratory, and nervous 
signs of impending coma, became free from these symptoms as 
soon as the alkaline reserve approached normality, although the 
ketonuria continued at the same high level for several days longer. 
The patient was under the care of Dr. Edgar Stillman. 

Blank determinations of the amounts of precipitate yielded by 
substances other than the acetone bodies were performed in dupli- 
cate on each urine as previously described. The results are re- 
corded in the third column of the table, and the “corrected”’ 
weights given for the other precipitates in the case of each urine 
are those actually obtained diminished by the mean weight of the 
blank. The amounts of precipitate obtained in the blank deter- 
minations are, however, so small] in proportion to the amounts 
obtained in the 6-hydroxybutyric and total acetone body deter- 
minations during ketonuria that they are for practical purposes 
unimportant. 

In the last column of the table are given for comparison the 
results of determinations on some of the same urines performed 
by Dr. Vinograd-Villchur with Black’s method. The procedure 
as described by Black (1908) was followed without deviation 
except that the concentrated urines were made acid to Congo 
instead of to litmus, and the extraction was continued 6 hours 
instead of 2. It was found that unless the more acid end-point 
of Congo was used there was danger of only partially freeing 
the 8-hydroxybutyric acid from its salts. Black’s procedure is 
simple, and, as is seen, yielded from 85 to 100 per cent of the 6-hy- 
droxybutyric acid determined by our gravimetric method. That 
the polarimetric results are usually somewhat low is not surpris- 
ing, since the known possible errors, viz., incomplete extraction, 
the slight racemization or destruction during extraction mentioned 

















Donald D. Van Slyke 493 


by Shaffer and Marriott, and adsorption of the acid by charcoal 
used in clearing the final solution, all are such as to lower the 
results.’ 
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fatty acids, formic, acetic, propionic, and butyric from water solution. 
Some adsorption of hydroxybutyric acid therefore seems probable. 
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STUDIES OF ACIDOSIS. 
VIII. THE DETERMINATION OF s-HYDROXYBUTYRIC ACID, ACETO- 
ACETIC ACID, AND ACETONE IN BLOOD. 

By DONALD D. VAN SLYKE anp REGINALD FITZ. 

(From the Hospital of The Rockefeller Institute for Medical Research.) 


(Received for publication, October 30, 1917.) 


The technique for determining the acetone bodies in urine has 
been ascertained to be directly applicable to blood after a proper 
method had been found for removing the proteins from the latter.' 
Satisfactory results were obtained by precipitating the proteins 
at room temperature with the same mercuric sulfate solution 
(73 gm. of red mercuric oxide dissolved in 1 liter of 4 N HoSO,) 
utilized for precipitation of the acetone. The mercury-protein 
precipitate leaves no interfering substances in solution, and it 
absorbs none of the acetone bodies: both 8-hydroxybutyric acid 
and acetone added to blood are quantitatively recovered by the 
process described below. 

Whole Blood—Of whole blood 10 ce. are diluted with about 
100 ce. of water in a 250 ec. flask, and 20 ec. of the 10 per cent 
mercuric sulfate are added. The solution is shaken for a moment, 
until the protein coagulates, and is then diluted with water 
up to the 250 ec. mark. After 15 minutes or longer it is filtered 
through a dry folded filter. If the first drops are cloudy they are 
passed through a second time. The filtrate has a slight pink 
tinge, but the substance responsible for it does not precipitate 
when boiled with mercuric sulfate, nor otherwise interfere with 
any of the acetone body determinations. 

If the blood is diluted with much more than ten volumes of 
water before the mercury is added, coagulation of the proteins 
is considerably slower,—hence the reason for not completing the 
dilution until after the coagulation has occurred. 

! Colloidal ferric hydroxide 6 cc. added cold per 1 cc. ef whole blood, 


gives a beautiful protein-free filtrate, but the precipitate absorbs about 
one-third of the 8-hydroxybutyric acid present 
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Acetone Bodies in Blood 


Plasma or Serum.—8 ce. of oxalate plasma or of serum are 
diluted in a 200 ce. flask with 50 ec. of water and 15 ce. of the 
mercuric sulfate are added. The flask is shaken for a moment, 
until the fine precipitate which first forms has flocculated, and is 
then filled to the mark with water. After standing 15 minutes 
or longer the solution is filtered. 

Determinations.—For determination of acetone plus acetoacetic 
acid, of 6-hydroxybutyrie acid, or of the total acetone bodies 
together, 125 cc. of the filtrate, equivalent to 5 cc. of either blood 
or plasma, may be treated exactly as the 25 ce. of urine filtrate 
plus 100 ce. of water in urine analyses. » 

In case, however, it is desired to determine separately the acetone 
plus acetoacetic acid and the hydroxybutyric acid in a single sample 
of blood, this may be done by first precipitating the preformed 
acetone plus that from acetoacetic acid, and then determining 
the hydroxybutyric acid in the filtrate. The preformed acetone 
plus that from acetoacetic acid is precipitated exactly as in urine 
analysis. The filtrate from the mercury-acetone precipitate is 
received into a dry flask. After as much of the solution as possibile 
has been filtered through, and before any wash water has been 
used, 160 cc. of the filtrate, equivalent to {4} x 5 ec. of blood, 
are placed in a 500 cc. Erlenmeyer flask, heated to boiling under 
a reflux condenser, and 5 cc. of 5 per cent potassium dichromate 
solution are added through the condenser. The rest of the 
hydroxybutyric acid determination is carried out as described 
for urine from the point where the dichromate is added. 


Factors for Calculating Results When Filtrate Equivalent to § Cc. of Blood Is 
Used for Determination. 





Acetone bodies, calculated as gm. of 
acetone per liter of blood, indicated by 
Determination performed. 





| 








solution. 
Total acetone bodies..................... 12.8 0.161 
B-hydroxybutyric acid.................... 13.2 (14.0)* | 0.172 (0.183)* 
Acetone plus acetoacetic acid............. 10.0 0.130 





* These factors are used when §-hydroxybutyric acid is determined in 
the filtrate frem the precipitated acetone and acetoacetic acid as de- 
scribed above. In this case the amount of filtrate taken for the S-acid 
determination is equivalent to only {4 of 5 cc. of blood, and the factor 
must be correspondingly increased. 
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To calculate the acetone bodies as §-hydroxybutyric acid 
instead of as acetone, multiply the above factors by 1.793; to 
calculate molecular concentration, divide the factors by 58. 

Normal blood when analyzed as described for total acetone 
bodies yields only 1 or 2 mg. of precipitate, equivalent to 0.013 
to 0.026 gm. of acetone per liter. In diabetics as much as 2.5 
gm. of acetone bodies calculated as acetone has been observed, 
while patients under ordinarily good control show 0.1 to 0.4gm.? 


* Several hundred determinations of 8-hydroxybutyric acid and ace- 
tone plus acetoacetic acid have been performed by Dr. Fitz on the blood 
of diabetic patients in a study of the conditions influencing the formation 
of the different acetone bodies, and of the effect of the latter on the blood 
bicarbonate. Publication of the results is delayed by Fitz’ sudden call 
to military duty while engaged in the problem.—-D. D. V. 8. 











Pines 


Sete Ge 
OO nS le ng | ES eT a i en eae _—=- 
















STUDIES OF ACIDOSIS. 


IX. RELATIONSHIP BETWEEN ALKALI RETENTION AND ALKALI 
RESERVE IN NORMAL AND PATHOLOGICAL INDIVIDUALS. 


By WALTER W. PALMER anno DONALD D. VAN SLYKE 
(From the Hospital of The Rockefeller Institute for Medical Research.) 


(Received for publication, October 30, 1917.) 


Sellards (1912) and Palmer and Henderson (1913) have shown 
that in normal individuals the administration of 5 or 10 gm. 
of sodium bicarbonate is sufficient to turn the urine alkaline; while 
in patients suffering from acidosis a greater amount is required. 
Palmer reports patients with uremia who received 112 gm. of 
bicarbonate and still excreted acid urine. 

These results suggest that the kidneys secrete alkaline urine 
only when the bicarbonate concentration of the blood exceeds 
a certain level. To judge from the small amounts of bicarbonate 
required to turn the urine of normal men alkaline, this level 
would be appreciably, but not greatly above the average normal. 

The work reported in the present paper was undertaken to 
ascertain: 

1. Whether a definite level of the plasma bicarbonate does exist 
in normal adults, at which neutral urine is excreted, while higher 
bicarbonate levels cause an alkaline, and lower an acid urine. 
(For the sake of brevity we will term the plasma bicarbonate 
level at which neutral urine is excreted the critical level.) 

2. Whether in case such a definite level exists, it is altered by 
disease; 7.e., whether in a nephritic, for example, the blood bicar- 
bonate must be raised to a higher level than in a normal man before 
the urine becomes alkaline. 

3. Whether absorbed or injected bicarbonate is so distributed 
through the body that the body weight being known, the extent 
to which a given dose of bicarbonate will rfise the blood bicar- 
bonate may be calculated. 

That solutions of these questions have practical application as 
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well as theoretical interest is obvious. The bicarbonate retention 
test ‘of Palmer and Henderson, and Sellards is probably the 
simplest of all methods for the detection and approximate measure- 
ment of acidosis, and it is essential that its results should be 
compared with those of direct measurements of the plasma 
bicarbonate. The solution of (1) is necessary in order that the 
results of the retention test in acidosis may be intelligently 
interpreted in terms of internal alkali deficit; of (2) in order that 
the diseases, if such exist, may be known in which the retention 
test, because of a shift in the critical level, gives abnormal results, 
since in such conditions it would be unsafe to use the reaction of 
the urine as an indicator of the internal alkaline reserve; of (3) 
in order that when an alkali deficit in the blood plasma has been 
measured the therapeutic dose of bicarbonate required to make 
good the alkali deficit of the body may be estimated. 


EXPERIMENTAL. 


Sodium bicarbonate in 2 gm. amounts in 100 cc. of water was 
given by mouth every half hour to normal and pathological 
subjects until the alkalinity of the urine reached that of normal 
blood, a pH of approximately 7.4. In certain pathological cases, 
after four or five doses, if no appreciable effect on the reaction of 
the urine was noted the dose'was increased to 5 gm. The hydro- 
gen ion concentration of the urine was estimated before alkali 
was started. and at half hourly intervals thereafter; and at the 
time of the administration of the alkali. Blood bicarbonate 
determinations were made just before alkali was given and again 
at the point when the reaction of the urine reached a pH of 7.4. 

For the determination of the pH of the urine the colorimetric 
method described by Henderson and Palmer (1913) was employed. 
Plasma bicarbonate estimations were made as described by Van 
Slyke and Cullen. 

If the sodium bicarbonate is distributed uniformly to all the 
body fluids we can calculate approximately the rise in blood 
bicarbonate caused by the absorption of 1 gm. of the salt. The 
calculation, in terms of plasma CO, is made as follows: 1 gm. of 
NaHCO; contains 267 cc. of CO, measured at 0°, 760 mm. If the 
body fluids are estimated at 700 cc. for each kilo of body weight 
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then the distribution of 1 gm. of bicarbonate among them would 
267 38 

Tw ~ we 
W representing the body weight in kilos. Ifg gm. of bicarbonate 
were taken into the fluids, the rise in volume per cent of CO, 


raise the CO. content, in ce. per 100 cc. of fluid by 


389 ; 
would be =>: Conversely, the amount of bicarbonate necessary 


Ww 
, bW : 
to raise the CO, by b volume per cent would be g = 38. if this 
equation holds even approximately, the fact shows that absorbed 
bicarbonate attains a fairly uniform distribution throughout the 
body. 

We have separated our results into two groups, Table I con- 
taining the normal and Table II the pathological subjects. The 
several individuals are arranged in order of the number of gm. of 
alkali necessary to reduce the urinary reaction to that of normal 
blood, a pH of 7.4. 

Two of the pathological cases in Table II, Experiments 17 
and 19, became nauseated before the pH of the urine reached 
7.4, hence the experiment was discontinued. 


TABLE I. 
Normal Subjects. 





| 
} 


| 
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5| =& 5/25 | os | 83] ge | oF [20 tt 
"| 2 | | g2 | 2 | 32 | g2 | 62 [gs | 2s eee 
- <7) = = i < | & < < 10 -) _ 
k | | vol. vol. | vol. vol. vol. 
Reo |per cent| per cent gm- | per cent| per cent per cent 
1 |R.T. | 66| 6.9] 7.4| 66.2] 68.1] 2 | 1.2] 1.9] -0.7 
2 \C. L. | 86) 5.4] 7.3 | 64.5 | 67.7 4 1.8} 3.2| —1.4 
3 IE. 8 | 90} 5.3| 7.4) 63.2 | 65.6 4 1.7| 2.4) —0.7 
4 \W. W. P. | 90; 7.0) 7.5 | 71.4 | 70.9 6 2.5 |-0.5 | +3.0 
5|D.D.V.8.| 75| 7.2| 7.4| 68.6|74.9| 6 | 3.0] 6.3| -3.3 
6 W. W.P. | 90] 7.2| 7.4] 65.5 | 69.8 6 2.5| 4.3 | —1.8 
7 iR. F, | 70} 6.2} 7.5 | 70.7 | 72.8 8 4.3| 1.4] +2.9 
8|F.G.B. | 65) 5.7] 7.4 69.1 | 75.7 | 10 5.9} 6.6] —0.7 
9 |W. W. Ag 4 90} 6.1 8.1 | 68.5 | 72.8) 20 8.4| 4.3] +4.1 
bo } 

















. The 20 g gm. of NaHCO; were taken at once. Second sample of blood 
1} hours later. 
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11 |2867) 


17 |2961 
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18 |2992 
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19 |2941 


20/2953) 
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TABLE II. 


Pathological Subjects. 


Alkali Retention and Reserve 
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38} 39.0)29. 


| vol. 





Remarks. 








1/;+0.6|Diabetes without 
| ketonuria. 


3/—1.5)Pleurisy with ef- 
| | fusion. 

9/4 } 8/Chronie nephritis; 
| eardiae decom- 
| pensation. 


7|\—0.2;Chronic nephritis. 


0) 4+7.1|Diabetes with ke- 


} 
} 


| tonuria. 
2,—2.7\Aortic and mitral 
disease. Chronic 
| nephritis. 
7|\—0.8|Myocardial weak- 
| ness; cirrhosis of 
liver. 
0|—-1.5 Chronic 
| lar nephritis. 
8\+3.3/Cardiovascular 
disease. 
|+4.6) Diabetes 
| marked 
| nuria. 
7|/+9.3,Diabetes without 
| ketonuria. 


glomeru- 


with 
keto- 


= 


| 





* Became nauseated and experiment was discontinued. 


The results of Table I solve the first of our propositions. 


DISCUSSION. 


There 


is a fairly definite level of the plasma bicarbonate at which the 
urine changes its reaction from one more acid than blood to one 
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more alkaline. In the normal men this occurred when the plasma 
bicarbonate CO, reached 71 + 5 volume per cent. : 

To proposition (2), concerning the critical plasma bicarbonate 
level in pathological cases, the solution is less satisfactory. The 
critical level was as a rule appreciably higher than in normal men, 
being in one diabetic 104.4 volume per cent. The other cases 
ranged from 73.9 to 86.7. Of the nine cases in which sufficient 
bicarbonate was taken to raise the urinary pH to 7.4, seven 
showed at this point a plasma bicarbonate higher than the highest 
critical level shown by any of the normal men, while the other 
two cases (Experiments 10 and 14) were near the maximum of 
normal. It is evident that in disease an unusually high concen- 
tration of bicarbonate in the blood may be required to turn the 
urine alkaline. On the other hand, no patient showed an alkaline 
urine with a plasma bicarbonate below the level of normal men. 
The practical conclusions indicated by the facts as far as they go 
are that if less than 0.5 gm. of bicarbonate per kilo body weight 
turns the urine alkaline no acidosis exists, but positive retention 
tests for acidosis are less decisive. No. 20 (diabetic) as an 
extreme example, had before the test not only a normal but a 
high normal alkaline reserve (plasma CO, = 74.7). Nevertheless 
because of the failure of his kidneys to secrete alkaline urine 
when his blood bicarbonate reached the usual critical level, he 
received 38 gm. or 1.03 gm. of bicarbonate per kilo, without 
quite raising his urine to blood alkalinity. No. 18 (cardiovascular 
disease) received 33 gm. or 0.79 gm. per kilo, before the urine 
reached blood alkalinity, although his alkaline reserve was at 
the average normal level (plasma CO, = 63.9) at the start. In 
brief, it appears that when the retention test shows no acidosis, 
none probably exists; but when it does indicate the presence 
of acidosis, even our few cases show that the alarm may be 
false. 

The behavior of the kidney to alkaline salts is quite analogous 
to its disturbed behavior in acid excretion (Henderson and Palmer, 
1915, a, b), which leads to acid retention. 

This phenomenon in connection with the use of sodium bicar- 
bonate as a guide to the grade of acidosis in pathological cases 
needs further investigation. At the beginning of Experiment 
15 the pH of the urine was only 7.0, while the blood plasma CO, 
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was 70.6 volume per cent. 18 gm. of NaHCO;, however, were 
necessary to reduce the reaction of the urine to that of normal 
blood, to pH 7.4. This observation suggests that owing to the 
impaired kidney function a more acid reaction, for instance, a 
pH of 7.0, may be utilized in a practical way in these cases. Such 
utilization would of course be justified only after much more 
work has been done on this point. 

To proposition (3) the answer is definite. The rise in plasma 
bicarbonate CO, per gm. of administered bicarbonate is, except 
for Experiment 14, as nearly as could be expected equal to the 
rise calculated on the assumption that the absorbed bicarbonate is 
uniformly distributed to all the body fluids, the latter being 
calculated at 700 ec. per kilo of body weight. There are several 
obvious factors which make the error attending such a calculation 
necessarily considerable. Variability in absorption from the 
gastrointestinal tract into the blood stream,' distribution among 
the extravascular fluids, and variation in metabolism (7.e., acid 
formation during the several hours which may be required for the 
test). Inthe normal cases, Experiments 1, 2, 3, 6, and 8 receiving 
2, 4, 6, and 10 gm. of sodium bicarbonate respectively, the dif- 
ference between the calculated and observed CO; amounts to less 
than 2 volume per cent, which is well within the limits of the added 
experimental errors of the two determinations. The results ob- 
tained in Experiments 4, 7, and 9 of Table I show a discrepancy 
of 3 to 4 per cent between the observed and calculated effects, 
the difference in each case indicating that only a part of the 
alkali is present in the blood. Lack of complete absorption of the 
amount given seems the most plausible explanation in these cases. 

Calculation of Bicarbonate Dosage Necessary to Replace Observed 
Bicarbonate Deficits—From the above discussion it is quite 
evident that the therapeutic use of sodium bicarbonate can and 
should be accurately controlled. Besides causing discomfort of 
the patient in the form of nausea, vomiting, and even diarrhea 
by overdosing with bicarbonate, a severe situation may arise 
from producing as marked a degree of alkalosis (104.4 volume 
per cent), as observed in Experiment 20. ‘Tileston (1917) re- 
1 Experiments on dogs to study the effect of intravenous sodium bicar- 


bonate on the blood bicarbonate were started, but interrupted by the 
exigencies of the war. 
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ported severe tetany in a case of Weil’s disease following an 
intravenous injection of sodium bicarbonate solution, producing 
a plasma CO: of 80 volume per cent. With data at hand it is 
not possible to say that a high blood bicarbonate is the sole fac- 
tor in producing tetany or other serious condition, but we may 
reasonably interpret this finding as evidence that alkalosis very 
probably does play a part. 

For calculating bicarbonate dosage the following table will be 
convenient. 
| Sodium bicarbonate necessary 


Weight of individual. | to raise plasma COs: 1 
volume* per cent. 


kg. | lbs. 


es- 
19 42 0.5 
38 S84 1.0 
57 126 1.5 
76 168 | 2.0 
95 210 | 2.5 


In case the individual is obese it would be logical to correct 
the body weight by estimating and deducting the abnormal 
weight. 

When the organism is forming acid at a rapid rate, as in acute 
diabetic ketosis, the bicarbonate will raise the plasma CO, by 
less than the calculated amount, because part of the alkali given 
is neutralized by acids formed during the necessarily gradual 
(4 to 8 gm. per hour) administration.2 Also our results (Table IT) 
indicate that when the dosage is high (over 20 gm.) the effect may 
fall somewhat short of the calculated because of incomplete 
absorption. The figures in the table may, therefore be taken as 
the minimum doses that will produce the calculated change in 
plasma bicarbonate. 

Quantitative Relationship between Alkali Retention and Aci- 
dosis.—Since the rise caused in volume per cent of plasma bicar- 
bonate CQ, by absorption of g gm. of sodium carbonate is ap- 


; 89 
proximately Ww and the plasma CO, at which urine normally 





becomes more akaline than blood averages 71 volume per cent, 
*This may have happened in Experiment 14, Table II. 
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the approximate relationship between plasma CO, and bicar- 
bonate retention in the normally reacting body may be expressed 
Ww 

Such calculation of the plasma CO, from the retention test in 
pathological cases is, however, subject as discussed above to 
errors from abnormalities in the critical bicarbonate level of the 
plasma, in unusually rapid formation of acids in the body during 
the test; and in absorption of the orally administered bicarbonate. 
These errors in our extreme case (No. 20) amount to so much 
’ that they make the retention indicate the plasma COz as 32 
volumes per cent, an acidosis of dangerous severity, when as a 
matter of fact no acidosis existed, the plasma CO, being not 
only normal but a high normal (74.7 per cent plasma CO.). 

However, each of the errors mentioned is such as to make the 
acidosis estimated from the alkali retention test greater than 
that actually existing. From this fact and also from the data 
in our tables, it appears that one may use the above formula if 
the plasma bicarbonate values calculated are taken only as 
minimum values. It appears, from our results and those of 
Palmer and Henderson and Sellards, improbable that more 
severe acidosis often exists than is indicated by the bicarbonate 
retention test, but it may be indefinitely less severe than indi- 
cated. With this reservation in mind we may indicate the signifi- 
cance of the bicarbonate retention in terms of acidosis as follows: 


by the equation: Plasma COz = 71 — 








Sodium bicarbonate per kilo Minimum plasma bicarbonate | Maximum degree of acidosis 


pte os gy oe, COs indicated. indicated. 








—— —j — 








gm. vol. per cent, 
0.0—0.5 | 55 | None. 
0.5—0.8 55 — 40 | Mild. 
9.8 -—1.]1 40 — 30 | Moderate to severe. 
Over 1.1 Below 30 Severe. 
CONCLUSIONS. 


1. In normal men the urine becomes more alkaline than the 
blood (pH = 7.4) when the plasma bicarbonate CO, exceeds 
71 + 5 volume per cent. 
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2. In most of the pathological cases studied the urine did not 
become more alkaline than blood until a higher plasma bicarbonate 
had been reached than in normal individuals. Our results show 
that in pathological conditions there is danger of giving unnec- 
essary and perhaps injurious amounts of bicarbonate if adminis- 
tration is continued until the urine turns alkaline. This fact 
may explain the disapproval under which the perfectly rational 
alkali therapy has fallen with some clinicians. 

3. Absorbed sodium bicarbonate is distributed in approximate 
uniformity to the body fluids in general as well as to the blood. 
The effect of a given dose in raising the plasma bicarbonate may 
be calculated by assuming that the body contains 700 cc. of fluid 
per kilo and that the bicarbonate absorbed is distributed therein 
uniformly. 

4. The results indicate the necessity of carefully controlling 
the therapeutic use of sodium bicarbonate. This may best be 
done by determination of the plasma bicarbonate. From a 
preliminary determination the dose necessary to restore the 
alkaline reserve to normality may be calculated (table on p. 505), 
while a subsequent determination indicates the actual effect of 
the administered alkali. 

5. As a test for acidosis the alkali retention as used by us 
(bicarbonate feeding till the urine shows an alkalinity of pH = 
7.4) is subject to certain errors, all of which, especially in patho- 
logical cases, act to make the results indicate more severe aci- 
dosis than exists. The retention test indicates either the approx- 
imately correctealkaline reserve, or less. If no acidosis is indi- 
vated by the test, its absence can therefore apparently be ac- 
cepted; but if acidosis is indicated, the finding must be confirmed 
by blood analysis before accepted. 
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STUDIES ON BLOOD SERUM. II 


THE INFLUENCE OF PANCREATIC DIGESTION ON THE PRO- 
TEOLYTIC ACTIVITY AND THE NON-COLLOIDAL 
NITROGEN CONTENT. 


By WM. H. WELKER anp FREDERICK H. FALLS. 


(From the Laboratories of Physiological Chemistry, Experimental Medicine, 
and Obstetrics, College of Medicine, University of Illinois, Chicago. 


(Received for publication, September 26, 1917.) 


INTRODUCTION. 


Through the work of Delaunay! who used Sérensen’s formol titration 
method it became apparent that the amino-acid nitrogen in the blood was 
increased at the height of digestion. This observation was confirmed 
by Van Slyke and Meyer,? using the Van Slyke method for the determina- 
tion of amino-acids. Abderhalden® states that this increase in amino- 
acids may be responsible for a positive reaction when his test for preg- 
nancy is applied to the blood serum of an individual at the height of di- 
gestion. One‘* of us found, in working with the Abderhalden reaction, 
that the inactivated serum control gives a negative result even if the 
blood is taken at the height of digestion. 


This apparent discrepancy, led to a quantitative study of the 
non-colloidal nitrogen content and the proteolytic activity of 
the blood serum in the fasting state and at the height of diges- 
tion. For this work dogs were selected because of the ease with 
which relatively large amounts of serum can be obtained from 
these animals, and because dog serum closely resembles human 
serum so far as its proteolytic activity is concerned. 


1 Delaunay, Thése de Bordeaux, 1910. 

2 Van Slyke, D. D., and Meyer, G. M., J. Biol. Chem., 1912, xii 
8’ Abderhalden, E., Beitr. klin. Infektionskr., 1913, i, 243. 

4 Falls, F. H., J. Am. Wed. Assn., 1915, Ixv, 524. 
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EXPERIMENTAL. 






Part I. 


Apparently normal animals were used for our experiments. The 
fasting animals had received nofood for 24 hours. Those at the height 
of digestion were killed 8 to 9 hours after the ingestion of a relatively large 
amount of meat containing a moderate amount of fat. On postmortem 

F examination in the case of the digesting animals absorption was found 
to be going on rapidly, as evidenced by the injection of the lacteals and the 
milky appearance of the sera, after centrifugalization of the defibrinated 
blood. The animals were lightly anesthetized with ether and bled from 
the femoral artery under aseptic conditions, into a sterile flask contain- 
ing glass beads. The blood was defibrinated by shaking the flask. It was 
placed into sterile tubes and immediately centrifugalized under aseptic 
conditions. The serum was drawn off and combined in a single sterile 
container to obtain a uniform mixture. 

20 cc. samples of the clear serum showing practically no evidence of 
hemolysis, were placed into three sterile tubes. Into one of the tubes 
was placed placental tissue prepared according to the Abderhalden® 
technique; ¢.e., it failed to give off ninhydrin-reacting substances when 
boiled for 5 minutes with ten times its volume of water. The serum 
in a second tube was inactivated by heating in a bath at 60°C. for 1 hour. 
Placental tissue was added at the expiration of this period. The serum 
in the third tube remained unheated and no placental tissue was added. 
Into a fourth sterile tube was placed a volume of distilled water equiva- 
lent to the volume of serum used in the other three tubes. The usual 
quantity of placental tissue used in our experiments was added to the water 
in the tube. This control was used to correct our results for the non- 
colloidal nitrogen yielded by the placental tissue on incubation. The 
contents of the tubes were covered with thin layers of toluene. The tubes 
were then incubated for 48 hours at 37.5°C. in moist chambers. This is 
more than twice the period of time used in the Abderhalden test. The 
purpose of this lengthened digestion period was to afford an opportunity 
for marked increase in the amount of non-colloidal nitrogen where proteo- 
lytic activity existed. At the end of this period, a bacteriological exami- 
nation was made by smears and by cultures on agar. The cultures and 
smears were negative in all instances. 

At the end of the incubation period, 5 cc. of serum were measured into 
a 250 cc. volumetric flask, 75 ec. of aluminium hydroxide cream were added, 
and the flask was filled to the mark with distilled water. The contents 
were well shaken and filtered. 125 cc. of the filtrate, equivalent to 2.5cc. 
of serum, were transferred to Kjeldahl flasks and the nitrogen was de- 
termined in the usual manner. The contents of the tube containing 
distilled water and placental tissue were treated in like manner. A total 
nitrogen determination was made on each of the sera. The results are 
shown in Table I. 
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TABLE I. 
racine | Aap 
l 1 
SEE ety Ve os ROS RL IA Mr Pee eA RA 1 | 2 | eT 4 | 5 | 6 
Total nitrogen. 
mg. | mg. | mg. | mg. | mg. | mg. 
23.5|24.3}25.2/23.0)21 .0|24.0 
Non-colloidal nitrogen. 
a= — 
Serum....... 006... eeceeeeseeeseeeeeeseees++ [0.7 [0.63]0.78(0.84(0.8311 .16 
Serum + placenta............ raeeeaidatas .|0.82/0.620.77)0.84/0.991 14 
Inactivated serum + placenta................ 0.66/0.53,0.66,0.91)0.79) “= 
Per cent of non-colloidal nitrogen on the basis of total nitrogen. 
'2. 9812. 59|3.09|3.65|3.95|4..84 
| 





Average per cent of non-colloidal nitrogen. 





| 2.88 | 4.15 








These figures were obtained from a volume of 2.5 ec. of serum. 


DISCUSSION. 


It will be seen that the blood sera of the animals at the height 


of digestion, in all cases, contained more non-colloidal nitrogen , 


than the blood sera of the animals in the fasting state. The 
differences, however, were relatively small. On the basis of the 
total nitrogen an average increase of a little more than 1 per cent 
was found. In only two cases (Dog 1, fasting, and Dog 5, digest- 
ing) was the non-colloidal nitrogen present in the serum after 
incubation with placental tissue greater than that in the serum 
after incubation by itself. This increase was very slight. These 
results cast doubt on the idea that proteolytic enzymes are swept 
into the blood stream when rapid absorption takes place at the 
height of digestion, unless the unsaturated fatty acids’ absorbed 
simultaneously prevent their action. 

The results on the inactivated serum and placenta seem to 
indicate that some of the non-colloidal nitrogen of the serum 
combines with the serum colloids during the heating at 60°C. 
This method of controlling the Abderhalden reaction may there- 
fore be open to criticism. 


5 Jobling, J. W., and Petersen, W. F., Z. Immunitdtsforsch., Orig., 1915, 
xxiii, 71. 











er lp i li ll A 


eae itpectma tema rine na ast 


meme = oat 








we tevber.: 





512 Blood Serum. II 


Part Il. 


In a second series of experiments, blood serum was obtained from four 
dogs at the height of digestion as previously described. The total nitro- 
gen of the serum was determined directly. Placental tissue prepared ac- 
cording to the Abderhalden technique was added to some of the serum. 
This was incubated at 37.5°C. under toluene in a moist chamber for 48 
hours. Typical Abderhalden tests were carried out on 3 cc. samples of 
serum. This is three times the quantity of serum ordinarily employed in 
the Abderhalden test. The incubation period was twice the length of 
that usually employed. Serum that had been heated to 60°C. for 2 hours 
(inactivated) plus placenta, and serum alone were used as controls. 
These tests were performed in duplicate. After an incubation at 37.5°C. 
for 48 hours, 10 ce. of the dialysates were actively boiled with 0.2 ce. of 
a 1 per cent ninhydrin solution for 1 minute. 


The strongest ninhydrin reactions were obtained in the tests 
on the active serum plus placenta. Those obtained in the plain 
serum control were next in the depth of color obtained. The 
least intense reactions were noted in the inactivated serum plus 
placenta controls. The non-colloidal nitrogen was determined 
in the serum which had been incubated with placental tissue for 
48 hours at 37.5°C. in a moist chamber, under toluene. The 
analytical results are shown in Table IT. 


TABLE ITI. 


Dog No.. 1 | 2 | 3 4 
Total nitrogen. 


l 
mq. mg. | mg. 


| 20.45 22.30 23.1 27.6 
Non-colloidal nitrogen. 
0.84 | 1.05 | 0.84 1.26 


Non-colloidal nitrogen after incubation with placental tissue. 


| 
| 


| 0.84 | 0.96 0.91 | 0.96 


Per cent of non-colloidal nitrogen of untreated serum on the basis of 
total nitrogen. 


4.10 | 4.30 | 3.63 3.47 











These figures were obtained from a volume of 2.5 ec. of serum. 
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This series of experiments was planned to magnify the results 
of any proteolytic activity of the blood serum as determined by 
the Abderhalden technique. 


DISCUSSION. 


While the serum from each of the four dogs gave indication of a 
positive Abderhalden reaction, in only one case, that of Dog 3, 
was there any increase in the non-colloidal nitrogen of the serum 
after incubation with placental tissue. In two cases there was 
diminution. 


CONCLUSIONS. 


1. Under the conditions of our experiments no increase in the 
proteolytic activity of the serum at the height of digestion was 
observed. 

2. Positive Abderhalden tests obtained at the height of diges- 
tion in non-pregnant individuals probably depend on an increase 
in the amino-acids in the blood serum. 

3. The use of inactivated serum as control in the Abderhalden 


test may be open to criticism. 
















































STUDIES ON BLOOD SERUM. III 


THE INFLUENCE OF PREGNANCY ON THE PROTEOLYTIC 
ACTIVITY. 


By FREDERICK H. FALLS ann WM. H. WELKER. 


(From the Laboratories of Physiological Chemistry, Experimental Medicine, 
and Obstetrics, College of Medicine, University of Illinois, Chicago.) 


(Received for publication, September 26, 1917.) 


INTRODUCTION. 


The proteolytic activity of the blood serum in pregnancy has 
been extensively investigated in the last few years. Various 
methods have been used to determine the proteolytic strength 
of pregnant serum as compared with that of normal serum or of 
serum obtained from individuals suffering from various patho- 
logical conditions. 

The dialysis method proposed by Abderhalden is unsatisfactory, 
for several reasons. First, it is liable to uncontrollable errors from 
leaks in the parchment thimbles. Secondly, it is a qualitative or 
at best a very rough quantitative method. Thirdly, the reagent 
used, ninhydrin, gives characteristic color reactions with sub- 
stances other than the products of protein digestion and its use 
is, therefore, open to serious objection as a test for the presence 
of the latter. 

Van Slyke! and his collaborators using the Van Slyke method 
for the determination of amino-acid nitrogen in the blood serum, 
studied the proteolytic activity of the serum protease in pregnancy 
and in various pathological conditions. He concludes that by 
this method, pregnancy cannot be differentiated from other 
conditions. 


1 Van Slyke, D. D., Vinograd-Villchur, M., and Losee, J. R., J. Biol. 
Chem., 1915, xxiii, 377. Levin, I., and Van Slyke, D. D., J. Am. Med. Assn., 
1915, Ixv, 945. 
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The Fuld-Gross method of antitrypsin determination has been 
used by Adachi? for the study of this problem, but the difficulty of 
getting sharp readings renders it unfavorable for any but very 
rough qualitative work. 

The work of Jobling, Eggstein, and Petersen? using the Folin 
and Denis method for the determination of changes in the non- 
coagulable nitrogen content in the blood serum following exposure 
to various lipoidal adsorbents is important but open to the objec- 
tion that it is only relatively accurate because of the micro- 
chemical methods employed. We undertook the study of this 
problem using relatively large quantities of serum (20 ec.) and 
accurate analytical methods. 


EXPERIMENTAL. 


The dogs were bled to death, under light ether anesthesia, from 
the femoral artery and the serum was obtained and treated in the 
manner described in a previous paper.4 The non-colloidal nitro- 
gen was determined according to the method’ previously de- 
scribed. The dogs used were all healthy and all but one.were near 
term. They were all fasting for at least 12 hours before being used 
in the experiments to prevent discrepancies in the tryptic titer due 
to the action of non-specific digestion ferments. That these dogs 
were not actively digesting was further confirmed by autopsy 
following the taking of the blood. 

The results tabulated are the averages of closely agreeing 
duplicates. 


2 Adachi, 8., Z. Geburtshlf. u. Gynak., 1914, Ixxvi, 516. 

3 Jobling, J. W., Eggstein, A. A., and Petersen, W., J. Exp. Med., 1915, 
xxi, 239. 

4 Welker, W. H., and Falls, F. H., J. Biol. Chem., 1917, xxxii, 509. 

> Welker and Falls, J. Biol. Chem., 1916, xxv, 567. 
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TABLE I. 


Pregnant Dogs. 


Near term 


@ ‘ i 
Dog. No l 2 3 4 
Total nitrogen. 
mg. mg ma mg 
26.2 | 19.1 | 21.6 | 17.65 
Non-colloidal nitrogen. 
Serum (incubated). butbe wees 0.85 | 0.60 | 0.42 | 0.56 
Serum + placenta 0.87 | 0.48 | 0.56 | 0.98 
Serum (inactivated) + placenta .... 0.36 | 0.64 | 0.63 | 0.98 
These figures were obtained from a volume of 2.5 ec. of serum. 
*72 hours’ incubation. 
TABLE IL.* 
Normal Fasting Dogs. 
No 1 2 
Total nitrogen. 
mg. | mg 
23.5 | 24.3 | 
Non-colloidal nitrogen. 
Serum ” ae anf : 0.70 | 0.63 
Serum + placenta 0.82 | 0.62 


Serum (inactivated) + placenta 


* Welker and Falls, J. Biol. Chem., 1917, xxxii, 509. 


CONCLUSION. 


animals over that in normal fasting animals. 


whatever. 








0.66 | 0.53 


These figures were obtained from a volume of 2.5 cc. of serum. 


Early. 


0.78 
0.77 


0.66 


1. The results of these experiments fail to show any constant 
increase of proteolytic activity in the blood serum of pregnant 


2. They fail to show except in one case any proteolytic activity 
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STUDIES ON BLOOD SERUM. IV 


THE INFLUENCE OF THE PUERPERIUM ON THE PROTEOLYTIC 
ACTIVITY. 


By FREDERICK H. FALLS ann WM. H. WELKER. 


(From the Laboratories of Physiological Chemistry, Experimental Medicine, 
and Obstetrics, College of Medicine, University of Illinois, Chicago.) 


(Received for publication, September 26, 1917.) 


INTRODUCTION. 


In the puerperium remarkable physiological changes take place in the 
breasts and in the uterus. In the former a great increase in the num- 
ber and activity of the parenchymal cells takes place. These cells are 
rich in intracellular ferments. The physiological changes going on in 
the uterus are equally interesting although of entirely different nature. 
Instead of being proliferatory they are retrogressive. The uterus in 
woman decreases in size from an organ weighing about 1,000 gm. to one 
weighing only about 30 gm. This decrease in size is the result of several 
factors the most important of which is a decrease in the size of the indi- 
vidual fibers due to retrogressive changes in the cytoplasm of the muscle 
cells. There is in fact an autodigestion of the fibers without destruction 
of the cells manifested microscopically by the formation of minute fat 
droplets in the cytoplasm around the nucleus which tend to coalesce and 
form larger droplets which are in turn extruded into the intercellular 
spaces and absorbed. This digestion takes place over a period of 6 weeks 
at the end of which time the uterus is again normal in size. Whether 
this is a process of increased ferment activity in the cells of the uterus 
itself or is part of a general ferment increase in the blood, is of considera- 
ble theoretical importance. 


We have in the puerperium a period in which great cellular 
activity (development of the breasts and involution of the uterus) 
is manifested following a period (pregnancy) in which some ob- 
servers have reported an increased ferment content of the blood 
serum. The question arises: How is the ferment content of the 
blood serum affected by the local changes in the breast and uterus 
and by parturition? 
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Se ae 


EXPERIMENTAL. 





In order to throw some light upon this problem we took a series of dogs 
post partum and tested the proteolytic activity of the blood serum accord- 
ing to the technique described in previous papers.' The time elapsing 
following the birth of the pups varied from a few hours to several days. 
The involution period is much shorter in dogs than in the human species but 
the loss of weight of the uterus per kilo of weight of the dog is equally great, 
thus making results comparable. An autopsy was done in each case 
immediately after the blood was obtained, and the degree of involution of 
the uterus was determined. The dogs were all fasting for at least 12 hours 
previous to the time the blood was obtained thus assuring that any increase 
in the proteolytic content of the serum was not occasioned by non-specific 








4 digestion ferment. Milk is present in the breasts of dogs at the time of the 
; birth of the pups or appears very shortly afterward. They differ in this 
respect from women in whom milk does not appear normally till the 3rd 
; day. Therefore any influence that lactation might have on the ferment 
, activity of the blood serum would be manifest under the conditions of the 
experiment. 
/ 

! The results tabulated are the averages of closely agreeing 
i 


duplicates. 
Puerperal Dogs. 
Dog No | 1 | 9 | 3 | 4 | 5 | 6 


Time, post partum 3 hrs. | 2 days. | 3 days. | 4 days. | 5 days. | 7 days. 


Total nitrogen. 


| mg. | mg 


mg | mg mg. mg 
21.35) 18.85 


27.20} 23.30} 16 43) 22.84 





AL SS EE LMG NE ae oa 


| 


; Non-colloidal nitrogen. 

; Serum (incubated)... . 0.51 | 3.50*) 1.89 | 0.68 | 0.84 | 0.35 
Serum + placenta 5 338 0.84 | 3.59 | 1.70} 1.06 | 0.70 | 0.25 
} Serum (inactivated) + placenta. .; 0.53 | 2.80 | 1.61 | 0.63 , 0.96 | 0.28 
These figures were obtained from a volume of 2.5 ec. of serum. 

ul a — P 

: *72 hours’ incubation. 

‘1 

CONCLUSION. ° 
; The results of these experiments fail to show a constant increase 
i in the proteolytic activity of the blood serum in the puerperium. 


It would therefore appear that the ferment activity in the uterus 
and the mammary glands does not affect the ferment activity of 
the blood serum. 


'‘ Welker, W. H., and Falls, F. H., J. Biol. Chem., 1916, xxv, 567; 1917, 
xxxii, 509. 
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PROTEOLYTIC ACTIVITY AS AFFECTED BY “SO CALLED 
ANTITRYPTIC ADSORBENTS.” 


By WM. H. WELKER ano FREDERICK H. FALLS. 


(From the Laboratories of Physiological Chemistry, Experimental Medicine, 
and Obstetrics, College of Medicine, University of Illinois, Chicago.) 


(Received for publication, September 26, 1917. 


INTRODUCTION. 


The proteolytic activity of the serum ferments under varying 
conditions of experiment has been the subject of a great deal of 
investigation in the last few vears. Investigators have approached 
the problem from various angles and have used different methods. 
It is not surprising that in a field of study which is being so rapidly 
developed under these conditions that divergent views concerning 
the fundamental principles of the observed phenomena should 
arise. 

The great impetus to this study given by Abderhalden following 
his announcement of the absolute specificity of the ferments 
mobilized in pregnancy against chorionic tissue, the so called 
Abwehrfermente, led to an intensive study of the proteolytic 
power of the blood serum during pregnancy and under various 
other conditions. 

Very soon other views began to be advanced to explain the 
facts observed in the Abderhalden reaction. Kjaergaard' found 
that any serum allowed to dialyze longer than the 16 to 20 hour 
period chosen by Abderhalden would give a positive reaction. 
One of us has shown that blood serum of males and non-pregnant 
females gave typical positive Abderhalden reactions when human 
placenta was used as a substrate.” 


'K aergaard, 8., Z. Immunitdétsforsch. u. exp. Therap., 1914, xxii, 31. 
2 Falls, F. H., J. Infect. Dis., 1915, xvi, 466. 
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De Waele’ was probably the first to point out that the placenta 
was not digested during the Abderhalden reaction but that it 
acted as an adsorbent for the serum antitrypsin, thus leaving the 
trypsin free to digest the serum globulins. It was the products 
of this digestion that dialyzed and gave the positive reaction on 
boiling with ninhydrin. Jobling, Eggstein, and Petersen* sup- 
ported this view and showed that the placenta gained nitrogen 
rather than lost it during the reaction. 

Hence it will be seen that two widely divergent views regarding 
the mechanism of the reaction are held. It was with an idea of 
contributing to the knowledge regarding these points that the 
following series of experiments were unglertaken. 


EXPERIMENTAL. 


Fresh blood serum from four series of dogs, fasting, actively 
digesting, pregnant and post partum, was exposed to various 
substances under the same conditions for 48 hours to determine 
the amount of proteolytic activity. 

The technique followed is the same as that described in a former 
paper.® 

The dogs used were all healthy at the time of bleeding as nearly 
as could be determined by clinical signs and symptoms, and 
this was further corroborated by autopsy findings immediately 
after the death of the animals. 

The ether anaesthesia was very light in most cases in order 
to obviate any possible effect of this anaesthetic upon the pro- 
teolytic activity of the blood serum. Numerous bacteriological 
examinations of the incubated sera showed that by our method 
of handling the blood, bacterial contamination is practically 
excluded as a factor. In addition to placenta, however, as used 
in that series we used kaolin, collodion, and a special laboratory 
preparation of washed potato starch. 

The kaolin was heated in a steam sterilizer for 2 hours, 20 
pounds’ pressure, before using and about 0.5 gm. was used per 


3 De Waele, H., Z. Immunitdatsforsch. u. exp. Therap., 1914, xxii, 170. 

4 Jobling, J. W., Eggstein, A. A., afd Petersen, W., J. Exp. Med., 1915, 
xxi, 239. 

> Welker, W. H., and Falls, F. H., J. Biol. Chem., 1917, xxxii, 509. 
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20 ce. of serum. It was introduced under sterile precautions and 
then shaken vigorously to break up clumps so as to obtain the 
maximum surface exposure. Very finely divided washed potato 
starch, not sterilized, was used in a similar manner. Collodion 
was used in the form of very thin strips. In each case the serum 
was covered with toluene after the addition of the various sub- 
stances. The results are shown in Tables I to ITV. These figures 
are averages of closely agreeing duplicates. 

Except in the instances in which a longer period is specifically 
indicated, 48 hours is the incubation period. 

TABLE I. 
Analytical Results. (Fasting Dogs.) 


Dog No.. 


Total nitrogen 


Non-colloidal nitrogen. 


Serum 0.70 | 0 0.78 
Serum + placenta 0.82 | 0.62 | 0.77 
Inactivated serum + placenta 0.66 | 0.53 | 0.66 
Serum + starch... - | 0.70) 0.91 
Serum + collodion 0.70 | 0.63 | 0.77 


Serum + kaolin.... 0.70 | 0.63 | 0.84 
These figures are for a volume of 2.5 ce. of serum. 


TABLE II. 
Analytical Results. (Digesting Dogs. 





Dog No 


Total nitrogen. 

Non-colloidal nitrogen. 
Serum 

Serum + placenta 
Inactivated serum + placenta 
Serum + starch 

Serum + collodion.... 

Serum + kaolin. 


These figures are for a volume of 2.5 ec. of serum. 
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TABLE III. 
Analytical Results. (Pregnant Dogs near Term.) 




























j i 
Se Eb da died ae Riwees a ceonxkds Cevas ss ous | 1 | 2 3 4 Ee a 
2 We ees DOE SO es 
| mg. | mg. | mg. ie 
ry Ld . = - | 
Total nitrogen....... 26.2 | 19.1 | 21.6 By ow 
| | 


Non- sutheidel nitrogen. 








Serum... | 0.85 | 0.60 | 0.42 | 0.56 | 3.08 
Serum + placenta 0.87 | 0.48 | 0.56 | 0.98 | 3.57 
Inactivated serum + placenta | 0.36 | 0.64 0.63 | 0.98 | 3.22 
Serum + starch 1.23 | 0.32 | 0.35 | 0.84 | 3.36 
Seruin +- collodion ne | 0.81 0.42 0.21 | 0.77 | 2.24 
Serum + kaolin est o 20 0.46 B 0.35 | 0.84 3.71 


These Seures 2 are fer a welenie of 2. 5 ce. a serum. 
* 72 hours’ incubation. 
TABLE IV. 
Analytical Results. (Post Partum Dogs.) 





Time, post partum ; eee ten 4 days.| 3 hrs. |2 days.* 

sii _ . a = || == 
mg. mg. | mg. 

Total nitrogen 23.3 21. 35 18 85 


Non-colloidal nitrogen. 
Serum....... ert dees cweckce | 0.63 | 0.51 | 3.50 
Serum + slacunte.. = | 1.06 | 0.84 | 3.59 
Inactivated serum + placenta. 0.63 | 0.53 | 2.80 
Serum + starch.... ets 0.64 | 0.62 | 3.42 
Serum + collodion....... | 0.57 | 0.60 | 3.50 
Serum + kaolin................. | 0.70 | 0.74 | 3.50 











rhese figures are for a volume of 2.5 ec. of serum. 
* 72 hours’ incubation. 


r 


DISCUSSION. 


Probably the most striking fact that stands out as a result of 
this investigation is the absolute lack of uniformity in the pro- 
teolytic activity of the various sera when exposed to the same 
substance under identical conditions. The differences observed 
do not follow any definite rule, but appear to depend rather on the 
individual differences in the behavior of a given serum toward 
the various substances. 
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It is apparent that under the conditions of our experiments 
proteolytic activity does take place in the serum in the presence of 
such substances as kaolin, starch, and collodion which could 
not possibly be digested by proteolytic ferments. Hence it is 
certainly not necessary to assume that the placenta is digested 
during an Abderhalden reaction. 

It is seen that the higher degrees of proteclytic activity are 
manifested in the dogs of Tables II, III, and IV. In the fasting 
series, on the other hand, the proteolytic activity of the blood 
serum is apparently reduced but still present. 


CONCLUSIONS. 


|. Substances, non-protein.in character, may induce proteo- 
lytie activity in blood serum which is equal to or greater than that 
called forth by placental tissue. 

2. The proteolytic activity of serum as called forth by the 
various substances used in these experiments does not follow 
any definite rule but shows marked individual variations. 
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THE INFLUENCE OF CONDITIONS OF BACTERIAL 
CLEAVAGE OF PROTEINS ON THE 
CLEAVAGE PRODUCTS. 


By TAKAOKI SASAKI. 


(From the Laboratory of Medicine, Imperial University of Kyoto, Kyoto, and 
the Sasaki Laboratory, Surugadai, Tokyo.) 


(Received for publication, September 18, 1917.) 


In chronic poisoning caused by assimilation products of bacteria, 
or the so called alimentary intoxication of children, the variation 
in bacterial decomposition products according to the change of 
conditions may be important, although the opinions of authors 
differ. 

In order to investigate the question experimentally, I have 
studied the products formed from I[-tyrosine by the action of 
proteus vulgaris and coli communis. To the culture fluid I added 
on the one hand the so called Henderson’s phosphate mixture in 
order to avoid the accumulation of H ion, and on the other hand in 
the parallel test. lactose, in order to further the accumulation of 
H ion. To both solutions I furthermore added newly precipitated 
uranyl phosphate, as in my experience the yield of products 
is increased thereby, the metallic compound apparently acting 
as a catalysor or activator. 

When lactose was added to the culture fluid, I succeeded in 
isolating p-hydroxyphenylethylamine from /-tyrosine acted on 
by Bacillus coli communis. When using Heriderson’s phosphate 
mixture, I isolated to my surprise d-p-hydroxyphenyllactic acid 
out of /-tyrosine by the action of bacteria of the same strain, 
without finding any trace’ of the amine. The experiments with 
proteus vulgaris showed exactly the same results. 

These experiments demonstrate the fact that from the same 
substance by the same kind of bacteria, according to the condi- 
tions, quite different substances may be produced. In regard 
to phenylalanine, Amatzu observed the same results, which will 
be published later. 
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It cannot be denied that morphologically identical bacteria 
show individual differences, especially in decomposition products. 
Nevertheless, the factor referred to above, which has been dem- 
onstrated experimentally, can hardly be rejected, especially 
in the chronic intoxication produced by the poisonous products 
of bacterial assimilation. 


EXPERIMENTAL. 
Experiments with proteus vulgaris. 
As a standard solution the following culture fluid has been 


employed: 


Sodium chloride......... a eee, ee 5.0 gm. 
Monopotassium phosphate........ Sate She meme ety ee 22° 
Magnesium sulfate............ ied Rrra .4..° 
Ammonium carbonate................... sc ceulehealte * iw 
Glycerol... es eye OTe RL eM ree ; 20.0 ce. 
See sits ENE EER or eas sedd dan eee 


To this culture fluid has been added, in addition to /-tyrosine 
and uranyl phosphate, Henderson’s phosphate mixture in one 
experiment, and lactose in the other, the experiments otherwise 
being conducted under exactly the same conditions. 


Experiment with the Addition of Henderson's Phosphate Mixture 
to proteus vulgaris Cultures. 


The phosphate mixture was prepared according to the formula 
of Henderson, by adding to a 20 per cent phosphoric acid solution 
up to 95 per cent of a normal solution of sodium hydroxide until 
the neutralizing point was reached as indicated by phenolphthalein. 
The solution according to Henderson should contain nine parts of 
disodium phosphate and one part of nfonosodium phosphate. 

We put in a short-necked 1 liter flask with cotton plug, dry 
sterilized, 800 cc. of culture fluid (650 ec. of standard solution, 
150 cc. of Henderson’s mixture), together with 0.5 gm. of freshly 
precipitated, still moist uranyl phosphate and 1.0 gm. of l- 
tyrosine, the optical rotation of which, in 4 per cent hydrochloric 
acid was [a])’ = — 12.01°. 
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After sterilization in Koch’s steam sterilizer, we added to the 
sterile solution twenty agar cultures of proteus vulgaris suspended 
in the sterile culture fluid. We worked simultaneously with 
five flasks; z.e., 5 gm. of /-tyrosine of Bacillus proteus were isolated 
from decaying pancreas pulp which with the addition of about 
the same volume of a 2 per cent soda solution had been in the 
incubator for 24 hours. On the agar surface appeared gray, 
moist and glittering, easily confluent colonies, from which we 
could isolate the organisms in pure culture. They proved to 
be identical in all respects with an authentic laboratory strain 
of proteus vulgaris, according to morphological classification. 
The bacteria were spread on ordinary agar slants, and cultivated 
in the incubator for 24 hours; the culture fluid was then added. 
The bacteria continued to grow well in the mixture, even when 
in the course of other experiments with lactose the contents of 
the flasks became alinost sterile. Apparently the bacteria were 
protected from injury from the acids produced by the micro- 
organisms. The mixture was left in the incubator for 10 days, 
and then for 40 days: in a dark cabinet at a temperature of 
25-30°. 

The following experiments were made at the same time and in 
the same manner in order to obtain results for comparison. 
After having tested the purity of the strain of bacteria employed 
we placed the five portions together in a porcelain evaporating 
dish and evaporated the mixture in the water bath with the addi- 
tion of aleohol to syrup consistency, which was then exhaustively 
and repeatedly extracted with boiling alcohol until no further 
Millon’s reaction could be observed. After evaporation of the 
alcohol, the residue was dissolved in water. The solution, 
strongly acidified with phosphoric acid, was then extracted with 
ether for 24 hours in the Kumagawa-Suto extractor. After evap- 
oration of the ether radial crystal needles were separated. After 
purification on an earthenware plate, the weight of the crystalline 
substance was found to be 1.32 gm., and it proved to be nearly 
pure p-hydroxyphenyllactic acid. The optical rotation in aqueous 
solution was to the right. 

For analytical purposes the substance was once more re- 
crystallized from hot water. 
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0.1342 gm. substance desiccated for 1 day over calcium chloride and 
dried at 115° lost 0.0066 gm. H,O. 


Calculated for Found: 
CoHwOd + $ H2O: 
0.5H.O 4.71 4.9] 


0.1276 gm. substance gave 0.2768 gm. CO», and 0.0626 gm. H,O. 


Caleulated for Found: 

C9HwO4: 
G ; 59.31 59.16 
_ aire . ee Pre pe 5.53 5.49 


For the optical analysis an aqueous solution was taken. 


[aj - 14.8554 X0.25° 
> 0.2043 X 1.0036 X1 





+ 18.11°. 


Contrary to a former experiment we were unable to isolate 
any p-hydroxyphenylpropionic acid. . 

The residue from the extraction was carefully neutralized with 
diluted solution of sodium hydroxide to almost neutral reaction 
and then made strongly alkaline to litmus with saturated sodiuin 
carbonate solution. Thereupon the solution was again extracted 
with ether for 24 hours. There was no demonstrable quantity 
of p-hydroxyphenylethylamine. 


Experiment with the Addition of Lactose to proteus vulgaris Culture. 


The following were added to the standard solution: 1 gm. of 
l-tyrosine, 1 gm. of lactose, as well as about 0.5 gm. of newly 
precipitated, still moist uranyl phosphate. Five flasks and 5 
gm. of /-tyrosine were employed. They were left in the same 
incubator for the same period as in the preceding experiment. 
In all other respects the experiment was made exactly as de- 
scribed above We could obtain no acid extract. 

After extraction of the acidified solution, the residue was made 
strongly alkaline to litmus and was again extracted with ether for 
about 48 hours. In the receiving flasks, which in the meantime 
had been changed 3 times, crystals of a slight brownish yellow 
color were precipitated. The ethereal solution was decanted 
and shaken with dilute hydrochloric acid. The hydrochloric 
solution thus separated extracted quantitatively p-hydroxyphenyl- 
ethylamine from the ethereal solution. The crystals remaining 
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in the receiving flasks were also dissolved in diluted hydrochloric 
acid. The two hydrochloric solutions mixed together were 
decolorized with animal carbon. After evaporating, the pure 
amine hydrochloride was precipitated. The vield amounted to 
2.13 gm., melting at 269° (uncorrected). 

For analysis the substance was recrystallized with alcohol and 
was dried at 100° to constant weight. 


0.1426 gm. substance neutralized 8.1 ce. 0.1 N NHs. 


Calculated for Found: 
CsHnON . HCI: 
N 8.09 7.96 


The substance was also identified as the chloroplatinate. 


0.1728 gm. substance gave 0.0494 gm. Pt. 


Calculated for Found: 
(CsHnON): HePtCle: 
Peis 28.49 28.59 


The amine hydrochloride was transformed into the free amine 
by making the aqueous solution of the hydrochloride alkaline 
with sodium carbonate, and again extracting with ether. 

The substance was dried at 100° to constant weight. 


0.1035 gm. substance gave 0.2639 gm. CO. and 0.0757 gm. H.Og. 


Calculated for Found: 

CsHnON: 
+ ae 70.01 69.54 
eee 8.08 8.18 


Experiment with the Addition of Henderson’s Phosphate Mixture 
to Bacillus coli communis. 


The conditions of the experiment were exactly the same as in 
the proteus experiment. Of the 5 gm. of tyrosine none remained 
unattacked. We isolated as acid extract a pure substance of 
about 1.57 gm. melting at 166—168° (uncorrected). 

For the analysis the substance was recrystallized from water 
and melted at 169° (uncorrected). 

0.1593 gm. substance desiccated over calcium chloride, weighed and 
dried at 115° to constant weight, lost 0.0078 gm. H,O. 


Calculated for Found: 
: CoHiO. . § H2O: 


0.5 H.O..... ee ee ees eee 4.71 4.90 













‘ 
| 








532 Bacterial Cleavage of Proteins 





The rotation was: 


[aj = 14.6287 X 0.20° a 
> 0.1483 X1.0030X1 





0.1242 gm. substance (dried at 115°) gave 0.2685 gm. CO. and 0.0602 
H,0. 


° Calculated for Found: 

CesHw0«: 
ec wit wees 59.13 58.95 
eee va et eee Soe 5.53 5.42 


We were unable to obtain any basic extract. 


Experiment with the Addition of Lactose to Bacillus coli communis 
Culture. 


The experiment was made in exactly the same way as the second 
proteus experiment. With the addition of lactose the conditions 
were identical to those in the first experiment. As acid extract 
0.131 gm. of crude substance was isolated, which sintered at 
about 130° and gradually melted between 150 and 162°. The 
aqueous solution rotated to the right. After having recrys- 
tallized from hot water we gained 0.07 gm. of pure substance 
which melted at 169-170°, and, mixed with d-p-hydroxyphenyl- 
lactic acid (the substance gained and analytically identified in 
the first experiment), showed no depression of melting point. As 
basic extract we isolated 0.88 gm. of pure p-hydroxyphenylethyl- 
amine hydrochloride (268°). 

For analysis the substance was recrystallized from alcohol. 

The substance was dried at 100° to constant weight. 


0.1721 gm. substance neutralized 9.9 ce. 0.1 N NH. 


Caleulated for Found: 
CsHunON . HCI: 
. See — wi me? 8.07 8.06 


The substance was identified as the chloroplatinate. 


0.2615 gm. substance gave 0.0748 gm. Pt. 


Calculated for Found: 
(CsHnON)> H2PtCls: 


3 ee etme Lee 28.48 28.60 

















THE STEREOCHEMISTRY OF THE BACTERIAL 
DECOMPOSITION OF ALBUMIN. 


By TAKAOKI SASAKT ano ICHIRO OTSUKA. 


(From the Laboratory of Medicine, Imperial University of Kyoto, Kyoto, 
and the Sasaki Laboratory, Surugadai, Tokyo.) 


(Received for publication, September 18, 1917.) 


Walden! discovered the fact that when one of the four 
groups attached to an asymmetric carbon atom is displaced by 
another, the resulting substance has an optical rotation either in 
the same or in the opposite direction to that of the parent 
substance. Since the same substance, for instance, the same 
amino-acid, may lead to two antipodal chloro- or bromo-acids, 
depending on the reagent employed for the reaction, it has been 
justly concluded that in one of the two reactions a change of 
the original configuration takes place. The mechanism of the 
inversion at the present state of knowledge remains unexplained. 
Observations have recently been recorded which seemed to estab- 
lish the existence of biological reactions analogous to the chem- 
ical reactions discovered by Walden. 

Sasaki? has observed that [-tyrosine gave rise to d-p-hydrox- 
yphenyllactic acid by the action of Bacillus proteus, whereas the 
l-p-hydroxyphenyllactic acid was formed by the action of Baciilus 
subtilis. 

Subsequently Tsudji,’ working under the direction of Sasaki, 
discovered that the identical result was obtained when instead 
of [-tyrosine the di form was employed. 

Bacillus proteus transformed the dl-tyrosine into the d-hy- 
droxyacid, whereas Bacillus subtilis transformed it into the 
l-hydroxyacid. These observations seemed in harmony with 


1 Walden, P., Ber. chem. Ges., 1896, xxix, 133; 1897, xxx, 2795, 3145; 1899, 
Xxxil, 1833, 1855. 

2 Sasaki, T., Acta Schole Med. Univ. Imp. Kyoto, 1916-17, i, 103. 

? Tsudji, M., Acta Schole Med. Univ. Imp. Kyoto, 1916-17, i, 439. 
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those of Walden in which one amino-acid led to different hydroxy- 
acids, depending on the reagents employed for the intermediary 
reactions. 

A new observation is to be reported in this communication 
which emphasizes the differences between the two types of 
reactions. If l-tyrosine by a series of chemical reactions is 
transferred into the d-hydroxyacid then d-tyrosine under the 
action of the same set of reagents and under the same conditions 
will give rise to the -hydroxyacid. 

A surprising result was obtained when the experiments with 
Bacillus proteus and Bacillus subtilis were performed on d-tyrosine. 
Again Bacillus proteus formed the d-hydroxyacid and Bacillus 
subtilis the l-hydroxyacid. The results are presented in the 
following di:gram: 


l-Tyrosine. dl-Tyrosine. d-Tyrosine. 
= | "A 
~ ; 
‘ — 
“\ Ae, 
yw Ba 
on Kp 
ra ~ 
l-p-Hydroxyphenyllactiec acid. d-p-Hydroxyphenyllactiec acid. 


For the explanation of the mechanism of this reaction the choice 
lies between two hypotheses. One is that the primary hydroxy- 
acid formed by the microorganism is the dl form. One of the 
antipodes is subsequently consumed by the microorganism, 
leaving as final product a pure | or pure d form. This hypothesis 
may be ruled out on the ground of the observations of Ehrlich 
and Jacobsen,‘ who obtained through the action of molds 1.8 
gm. of d-hydroxyacid from 2.0 gm. of /-tyrosine, by those of the 
present writer who obtained 2.7 gm. of d-hydroxyacid from 5.0 gm. 
of l-tyrosine through the action of Bacillus coli; i.e., more end- 
product is obtained than could arise from half of the intermediate 
product. 

The second hypothesis assumes that the intermediate product 
is a ketone or other intrinsically asymmetric substance, which by 


4 Ehrlich, F., and Jacobsen, K. A., Ber. chem. Ges., 1911, xliv, 888. 
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the final reaction is converted entirely into one of the two possible 
asymmetric products. These transformations are presented in 
the following diagram: 


[-Tyrosine. dl-Tyrosine. d-Tyrosine. 
\ | J 
\ | V7, 
| 4 
\ | Fe 
Optically inactive substance or substances. 


e 2,, 
NY Go, 
.) eS, 
of f 
ra " 
l-p-Hydroxyphenyllactie acid. d-p-Hydroxyphenyllactie acid. 


The intermediary product may be assumed to be p-hydroxy- 
phenylpyruvic acid. This assumption is in harmony with the 
views and facts advanced by Neubauer® in connection with the 
mechanism of oxidation of amino-acids in the animal organism. 
There are known also other instances of the biological conversion 
of the symmetric carbonyl groups into an asymmetric alcohol. 


EXPERIMENTAL. 
Experiments with proteus vulgaris. 


The experiments were conducted with the addition of Hender- 
son’s phosphate mixture and uranyl phosphate. Five flasks 
were left in the incubator for 40 days. Of these, one became 
contaminated with saprophytes, thus leaving for the experiments 
four, equivalent to 4 gm. of /-tyrosine. No pure’ tyrosine was 
recovered. 

1.99 gm. of crystals in needle form were isolated as an acid ex- 
tract, which melted at 164-166° after having been purified with 
kaolin. An aqueous solution turned the sodium light to fhe 
right. After a single recrystallization from hot water the sub- 
stance became quite pure and melted at 169-170°. The output 
was 1.60 gm. 

Thus 1.60 gm. of pure d-p-hydroxyphenyllactic acid was 

5 Neubauer, O., Deutsch. Arch. klin. Med., 1909, xev, 211. Neubauer, 
O., and Fromherz, K., Z. physiol. Chem., 1910-11, Ixx, 326. 
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produced from 4 gm. l-tyrosine by the activity of proteus vulgaris. 
0.1748 gm. substance, desiccated for 1 day over calcium chloride 
and dried at a temperature of 115° until constant weight was 
reached, lost 0.0085 gm. H,O. 
Calculated: Found: 
CyHi00, + $H20................. Ls aise anode 4.71 4.86 
0.1663 gm. substance gave 0.3607 gm. CO, and 0.0790 gm. H,O. 


Calculated for 


CoHi004: Found: 
_ , sos: are ees . 69.32 59.16 
_ See a Sate EAS ot ag a elect Bal ee Oe Tea 5.53 §.31 


The rotation in aqueous solution gave: 





= + 18.39° (water). 


[a]* 14.6071 & 0.31° 
> 0.2451 X 1.0048 X 1 


p-Hydroxyphenylpropionic acid could not be isolated. Nothing 
could be obtained from the basic extract. 


Experiments with Bacillus coli communis. 


The experiments were conducted in the same manner as those 
with Bacillus proteus; that is, with the addition of Henderson’s 
phosphate mixture and uranyl phosphate. The strain of Bacillus 
coli used was the same as that employed in our other experiments 
which have already been reported. 

Five flasks, each containing | gm. of [-tyrosine and twenty agar 
cultures, remained bacteriologically pure to the end of the experi- 
ments, after having been in the incubator for 40 days. The 
mixture remained alkaline to litmus. 

After purification and evaporation of the ether, we isolated 
an acid extract of 3.80 gm. in crystal needles, as follows: 


I. 3.65 gm. melting at about 150-160°. 
ell. 0.155 *“ me = = 152-155°. 


After recrystallization from hot water with the addition of 
animal charcoal, 2.56 gm. of pure substance were isolated from 
the first fraction. The second fraction was recrystallized without. 
the addition of animal charcoal. It yielded 0.15 gm. of pure 
substance, the melting point being 169-170°. The aqueous 
solution rotated the sodium light to the right. 
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For the purpose of analysis the aqueous solution of the substance 
was extracted once more with ether, in order to free it from ani- 
mal charcoal. The residue after evaporation of the ether was 
again recrystallized from hot water. 


I. 0.1345 gm. substance gave 0.0068 gm. H,0O. 
II. 0.1259 “ " “ 0.0062 “ H,0. 


Calculated: round: n 
CsH,.0, + 4H,0 4.71 5.06 4.92 


I. 0.1277 gm. substance gave 0.2761 gm. CO, and 0.0621 gm. H.O. 
II. 0.1197 “ ” “« 0.2502 “ CO, “* 0.0565 “ HO. 


Calculated for Found: 
CeHi00«: I II 


59.32 58.97 59.06 
5.53 5.44 5.28 


The rotation in aqueous solution was: 


- 13.8580 & 0.29° 
a = = 19.82° 
[ Ip 0.2020 x 1.0046 X 1 t 





Experiments with Bacillus subtilis. 


The spore-bearing bacilli which we isolated according to the 
method of Roberts and Buchner and identified bacteriologically 
as belonging to a recognized laboratory stock can be grown 
readily under a mycodermic surface in the culture fluid containing 
Henderson’s phosphate mixture and uranyl phosphate. 

Five flasks each containing 1 gm. l-tyrosine and twenty sus- 
pensions of growths on agar slants were left in the incubator 
for 10 days, and:then for 40 days in the dark cabinet of a room 
at 25-30°. All the cultures remained bacteriologically pure. 
No tyrosine was regained. The remainder of the experiment was 
conducted in the manner already described. 

After evaporation of the ether and purification on a kaolin 
plate we isolated 0.515 gm. of acid extract in needle crystals. 
The melting point was about 163-165°. After recrystallization 
from hot water we isolated 0.35 gm. of the pure substance, melting 
at 168-169° (uncorrected). The aqueous solution rotated the 
sodium light to the left. The substance was dried to constant 
weight at 115°. 
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In aqueous solution the rotation was found to be as follows: 





: » 16.1700 X — 0.25° 
! [e];, - — - 
aie 0.2057 X 1.0034 x 1 





— 19.59° 





0.1569 gm. substance, desiccated for a day over calcium chloride 
and dried at 115° to constant weight, lost 0.0076 gm. H20. 





4 Calculated : Found: 
: C9Hy 00, + 3H.O is 203g ana DAN ip Ae oe ak 4.71 4.84 
| 0.1493 gm. substance gave 0.3231 gm. CO, and 0.0718 gm. H,0O. 
Calculated for 
CeHi0O0«: Found: 
ee ee ee Pe Yi oP 59.32 59.02 
AREER APR ace Rta ee eerie ae 5.53 5.38 
) Nothing could be obtained from the basic extract. 
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THE CATALASE ACTIVITY OF AMERICAN WHEAT 
FLOURS.* 


By C. H. BAILEY. 
(From the Division of Agricultural Biochemistry, Minnesota Agricultural 
Experiment Station, University Farm, St. Paul.) 


(Received for publication, October 23, 1917.) 


The researches of Schoenbein on ozone and oxygen transfor- 
mation paved the way for his discovery (1863) of the power of 
plant and animal tissues to decompose hydrogen peroxide with 
the evolution of molecular oxygen. The further study of this 
phenomenon led to the conclusion that it was occasioned by all 
enzymes. This view was generally accepted until Loew (1901) 
showed it to be the result of the activity of a single enzyme, 
which he called catalase. Attention was called by him to its 
general occurrence in living tissues. There are few, if any, plant 
tissues which do not show the presence of this enzyme. 


Character of the Reaction. 


Kastle (1910) concurs with the hypothesis of Bach and Chodat 
that three types of enzymes are concerned with oxygen transfers 
in respiration. The oxidases are regarded as enzymes having 
a special aptitude for forming peroxides. These peroxides may 
be split by peroxidases, with the liberation of O, which immediately 
combines with the oxidizable substance. Or the peroxides, 
including hydrogen peroxide, may be split into a radical (H,O, 
etc.) and molecular oxygen, by the action of catalase. The 
function of catalase, according to Loew (1901), is to destroy the 
peroxides formed in the living cell which might otherwise prove 
harmful to it. 

The character and constitution of catalase has been the subject 
of considerable discussion, and several hypotheses concerning 
it have been advanced. The decomposition of hydrogen peroxide 
is known to be accelerated by finely divided metals, spongy 

* Published with the approval of the Director as Paper 90 of the journal 
series of the Minnesota Agricultural Experiment Station. 
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platinum, lead peroxide, manganese dioxide, and other similar 
inorganic substances. Rammstedt (1910) noted that ignited 
sea-sand liberated oxygen from hydrogen peroxide. It appears, 
however, that catalase is an enzyme, since its general properties 
resemble those of other common enzymes. Its activity is accel- 
erated by a rise in temperature to the extent of 1.5 to 1.7 times 
per 10°C. A temperature of 70° inactivates it when in a medium 
containing water, although it is not inactivated in a dry medium 
by a temperature of 100°. Certain toxic substances, including 
hydroeyanie acid, hydrogen sulfide, ammonium, sulfocyanide, 
aminophenol, and metallic nitrates render it inactive. 


Catalase in Wheat Flour. 


The activity of catalase in the various grades of flour was first 
discussed by Wender and Lewin (1904). They measured its 
activity by determining the quantity of oxygen liberated in 1 
hour from 35 ce. of hydrogen peroxide solution when mixed with 
100 gm. of flour and 200 cc. of water. A high grade flour, No. 
0, liberated 64 cc. of oxygen, while a low grade, No. 7}, liberated 
246 cc.in 1 hour. It appeared that flour containing the outer and 
more fibrous portions of the wheat kernel was richer in catalases 
than that from the inner portion. Wender (1905) later extended 
this investigation, and in addition to studying the various grades 
from several different mills, made similar tests on other cereal 
products. Wheat starch liberated but 8 ec., while wheat bran 
liberated 342 ec. of oxygen under the same working conditions. 
The flour grades when tested in a similar manner gave practically 
the same results as were reported in the earlier paper by Wender 
and Lewin. ; 

Liechti (1909) found that the quality of a flour can be judged 
by the quantity of oxygen which it liberated from hydrogen 
peroxide. 

Miller (1909) followed a somewhat different procedure in 
determining catalase activity. He extracted the flour with water 
for 4 hours, and added an aliquot of this extract representing 0.5 
gm. of flour to a solution of hydrogen peroxide. After 2 hours 
the residual hydrogen peroxide was determined by titrating with 
0.1 Nn KMnQ,. The relative catalase activity, stated in terms 
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of H.O. decomposed, of the different flour grades was found to 
be quite similar to that reported by Wender. 

Rammstedt (1910) published a critique of the methods employed 
for determining the quality of flour, and called attention to the 
liberation of oxygen from hydrogen peroxide in the presence of 
ignited sea-sand. 

The writer has found no mention in the American literature on 
flour qualities to the use of the catalase activity tests in deter- 
mining the grade of flours, nor, so far as he is aware, has this test 
been applied extensively for this purpose to American wheat 
flours. Most of the German articles were published in journals 
which do not come to the attention of many American cereal 
chemists and flour technologists. It accordingly appeared 
advisable to ascertain whether the relation between the rate of 
the decomposition of hydrogen peroxide and the grade of the flour 
is as exact in the case of American flours as it proved to be in the 
Continental investigations cited, and if so, to call the attention of 
American workers in this field to the usefulness of this test. 


Apparatus for Testing Catalase Activity. 


The first step in this study was to develop an apparatus for 
determining the rate of the decomposition of H:O2. The arrange- 
ment finally decided upon is shown in Fig. 1. The bottle (A) 
is of 500 cc. capacity, and is fitted with a rubber stopper. It is 
half submerged in a water bath which is maintained at a temper- 
ature of 20°C. The rubber stopper has three holes, through one 
of which the tube of a 30 cc. cylindrical separatory funnel with 
open top (B) is forced. The second opening is provided with a 
tightly fitting tube with glass stop-cock (C), while the third 
opening contains the glass delivery tube (D). This delivery 
tube is connected by a short piece of rubber pressure tubing to the 
inlet tube of a 100 cc. Hempel-Winkler gas burette (E). All the 
joints must be tight. 


Method for Determining Catalase Activity. 


In making the test 1 gm. of flour is placed in a mortar and 
triturated with about 25 ce. of distilled water. This is poured 
into the bottle (A), and the mortar washed out with several 
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portions of water until a total of 100 cc. has been mixed with the 
flour. The bottle is then tightly stoppered, and the flour and 
water mixture allowed to attain the temperature of the water 
thermostat. 5 cc. of a perhydrol (30 per cent HO.) solution, 
made by mixing one part of perhydrol with four parts of water, 
are placed in the cylindrical separatory funnel. When the water 
level in the gas burette is brought to the zero mark, and its cock 
closed, the stop-cock of the separatory funnel (B) is opened, and 
by opening the cock of the tube (C) the perhydrol solution is 
admitted into the flour suspension in the bottle. The contents 
of the bottle are mixed by rotating for a moment, the cocks of 
the tube (C) and of the separatory funnel (B) are closed, and the 
stop-cock of the gas burette is at once opened. The water level 
in the overflow bulb (F) is kept lower than that in the gas burette 
in order that no internal pressure may develop in the system and 
thus unseat the stopper or cocks. After 15 minutes the contents 
of the bottle (A) are rotated momentarily to wash down light, 
fibrous material which may have floated and adhered to the sides 
of the bottle. The bottle is not disturbed again until after the 
first reading is taken at the end of exactly 30 minutes. It is 
then rotated as before, and allowed to stand until a total of exactly 
60 minutes has elapsed, when the second and final reading is taken. 
The volume of gas which has replaced water in the gas burette 
is corrected to a temperature of 20° and a pressure of 760 mm. 


Results of Tests of American Wheat Flours. 


To ascertain the relation between the catalase activity and the 
grade of American wheat flours, four series of samples were obtained 
from as many mills in Minnesota. These were presumably 
all milled from 1915 crop wheat mixtures in which the northern 
hard spring wheat predominated. Each series included a sample 
of Patent flour, three series included a Straight, all included a 
First Clear, and that from the largest mill included a Second Clear 
flour. In two instances the percentage of the total edible flour 
produced which was represented in each of the grades was reported. 
The mills furnishing these samples were of varying capacity, 
Mill A being of 5,000 barrels per 24 hours capacity, Mill B of 
1,000 barrels, Mill C of 850 barrels, and Mill D of 500 barrels. 
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In addition to these four series of flours, seven samples of Straight 
flour containing from 0.45 to 0.52 per cent of ash were tested. 
These seven samples were produced by as many different mills. 

The results of the catalase activity tests of these flours are 
shown in the table. This table gives the source and grade of the 


Catalase Activity Tests of American Wheat Flours, Crop of 1915. 





Catalase activity. 
Ce. of O2 evolved. 


Flour grade. Ash. | 


Laboratory 
No. 





| 
| In 30 min. | In 60 min. 





Mill A, 5,000 barrels capacity. 





per cent 
0.36 

. 1.04 

and “ 2.00 











Mill B, 1,000 barrels capacity. 





83 per cent Patent.............. 0.42 
100 “ “ Straight 0.48 
_ te } 0.72 





Mill C, 850 barrels capacity. 





“A” Grade 0.49 
an: Filed “ec 0.54 
— 0.93 
— « 1.42 





Mill D, 500 barrels capacity. 





80 per cent Patent 0.43 
Straight 0.48 
20 per cent Clear 0.86 














Straight flour from various sources. 





Straight 0.45 

a 0.46 
0.47 
0.48 
0.49 
0.50 
0.52 
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samples, their.ash content in per cent, and their catalase activity 
expressed in terms of the cc. of O2 evolved in 30 and 60 minutes 
with a 1 gm. charge of flour. 

It will be observed that the parallelism between the percentage 
of ash and the quantity of O, evolved is not exact; it is remarkably 
close, however, and shows the test to be of considerable value in 
indicating the grade of flour. It is hardly to be expected that a 
determination of enzyme activity could be made with as great 
precision as that of the percentage of ash or mineral matter. In 
general we find that with double the ash content the catalase 
activity is increased to about 340 per cent of the lower value, 
while treble the ash content accompanies a catalase activity of 
about 500 per cent of the lower value. The catalase activity 
thus increases at a more rapid rate than the percentage of ash. 
This is of distinct advantage in distinguishing between the various 
grades of flour, and compensates in large part for the diminished 
accuracy with which such tests can be made. An additional 
advantage of this procedure over determining the percentage 
of ash is that it can be made in a shorter time, and with less 
elaborate and expensive equipment, since it dispenses with the 
muffle furnace and crucibles of platinum or other material. 
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TERMINATION OF HYDROGEN ION 
CONCENTRATION IN SOLUTIONS 


E POTENTIOMETER illustrated above is now being used by a number of 
investigators for measuring the E. M. F. between the Hydrogen and Calomel 
electrodes in Hydrogen Ion Concentration determinations. It is rapidly replacing 
the electrometer for such work for the following reasons: first, it is much more sensi- 
tive than the electrometer; second, its use does not entail the annoying delays 
met with in the use of the electrometer when overcharged and thus polarized. 
The Leeds and Northrup Potentiometer has two ranges. Normally measure- 
ments may be made up to 1.6 volts by steps of .00001 volt. A range changing 
plug enables measurements to be made up to .16 volt by steps of .000001 volt. 
The precision of adjustment is such that on the high range measurements from 
.| volt up may be made to a precision of better than 1/50%. On the low range 
measurements from .01 volt up may be made to the same degree of precision. 
The instrument and its accessories require little or no attention. Its manipu- 
lation is simple. 
A full description of this potentiometer will be sent upon request, as well as a 
list of some of those who are now using it for Hydrogen Ion Concentration 
determinations. 
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Acetone-insoluble Antigen, 1 cc. 
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of scientific bodies. We are adequately 
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of journals of this character. 
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2419-21 Greenmount Ave. 
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Culture Media 


New York Biological Products 
Laboratory, Inc. 


337 East 57th Street, New York 
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